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in sealing, potting and encapsulation— 


Epon 


ql give excellent electrical, thermal and 
mechanical properties, plus— 


excellent dimensional J high mechanical strength 
J stability 


outstanding adhesion to { exceptional! dielectric 
metal, glass, plastics W > properties 


Although relatively new, the Epon resins have won an 
important place in electronic and electrical manufacture. 
Their applications are manifold . . . in printed circuit 
laminates, transformer and motor sealing compounds, 
potting compounds for components and subassemblies, 
protective enamels, adhesives, tool and die materials. 


Applying Epon resin sealing com- . ‘ 
pound Gor- For potting and encapsulating—the excellent dimensional 


poration, El Monte, California, to a stability of Epon resins, which can, for example, withstand 


400-kva transformer winding at solder bath temperatures without ill effect, and their out- 
Larsen-Hogue Electric Co., Los 


Angetns, Gall. standing adhesion to metals and glass assures airtight en- 


closure of delicate components and vacuum tubes 


As adhesives—solvent-free Epon resin formulations cure at 
room temperature with contact pressure alone; form powerful 
bonds between glass, metal, wood or plastic. 


As sealing compounds—varnishes and enamels based on 
Epon resins provide excellent moisture sealing plus outstand- 
ing resistance to solvents and chemicals, even at elevated 
temperatures. 

For laminating— Epon resins laid up with inert fibrous fillers 
produce base laminates that have superior dielectric proper- 
ties and can be sheared, punched, drilled and bath soldered. 


Write for information on the use of Epon resins in electrical 


> Thoxene Clamp-Ceat, an Epon resin and electronic applications. 
cable splicing compound, producesa 
weatherproof, abrasion-resistant 
coating with high electrical insula- 
tion. Manufactured by Woodmont 
Products inc., Huntingdon Valiey, Pa. 


SHELL CHEMICAL CORPORATION 
CHEMICAL SALES DIVISION, 380 Madison Avenue, New York 17, New York 


Attente - Boston - Chicege Cleveland Detroit - Howsten - Los Angeles - Nework - New York - Sen Frencisce St. Levis 
IN CANADA: Chemicel Division, Shell Oil Company of Canada, Limited - Mentrecl Terente + 
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chemically resistant pigments 


for plastics 
paints 
printing inks 


fom, Research, to Reality. 
ada 


A SALES DIVISION OF 


GENERAL ANILINE & FILM CORPORATION 
435 HUDSON STREET + NEW YORK 14, NEW YORK 


BOSTON CHARLOTTE « CHATTANOOGA + CHICAGO LOS ANGELES 


MEW YORK «© PHILADELPHIA . FORTLAND, 
ORE. « PROVIDENCS + SAN FRANCISCO 


IN CANADA: CHEMICAL DEVELOPMENTS OF CANADA, LTO., MONTREAL 


Heliogen pigments monufoctured by the General Aniline and Film Corporation are sold outside the United States under the trademark ''Fenolac.”’ 
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WITH MORE TYPES THAN EVER, Effects of Molecular Weight 
nee oe HERE'S HELP IN CHOOSING THE The term moleculat weight when applied to ‘Tas 
4 | polyethylene describes the average or mean size 
| RIGHT POLYETHYLENE you ot the molecules in the resin 
Melt index has used to indicate molect™ 
In the last year ene has 
affected by the degree of brane hing of the mole- i 
( The 
san cules, it 15 a close, but not a complet \y able 
1 oday 1} fear \ 
tailot sol guide In these discussto® therefore: we WI refet 
to moleculat weight rathet than to melt index 
process The effect of moleculat weight V spiations on 
characterist! 
polyethylene properties will be yssed com 
pletely an a future issue OF Pol) ethylene proc- 
\\ 1) Density essing Tips’: 
| (3) Molecul Effects of M.W. Distribution 
The properties Distribution is determined by measut ing now 
by 4 high pressure, many of each of molecule is prese™ When 
SAS) anv of the low pressure procs the percentage of each size of mole uie 1s 
all three of these characteristie® An extremely plotted against moleculat weight. 4 aistribution 
large numbet of resins having marke dlyv different curve similar to the one shown below obtamed: 
i | fy) | ) properties can be produced by controlling these The shape of the curve for eat resin tells eas ; 
fundamental characteristic whethet the distribution is wide ot arrow 
The proceso" can usually describe the P. P Figure Typical Motecutar Weight Distribution Curves | 
3 ae erties he needs and the manufacturer can then et 
| determine which resin 15 most likely te fill the | 
pill. From that point the two can work ! ethet \\ 
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Effects of Density Variations 
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This drill bit was designed by Jancy Engineering of Davenport 
boring chip-free holes in rigid plastics, sheets and laminates 


INDEX 


Report on SPE's Thirteenth Conference v2 


ARTICLES 
Stability of Nylon Parts In Business Machine 
Byron W. Nelson | 
Valved Extrusion—Ernest C. Bernhardt 
The Effeet of Carbon Black on The Stability of Poly 
ethylene—John T. Moynihan 
Bulk Compressibility of Polymers At) Fabricating 
remperatures—B, Maxwell and S. Matsuoka 
evelopment of Plastic Pipe Standards 
H. W. Kuhlman: 


Influen of Process Variables on Shrinkage of Mold 
ings of “Teflon” Polytetrafluoroethylene Resins 
M. Chapman and L. T. 


FEATURES 


The Injection Molde 
SPEaking of Extrusion 
Action by your National Organization y 
The SPE Organization Plan—Jerome Formo Du) 
lastics Around the World 54 
Section News 7 
00k Reviews 0) 
Classified Ads 
Advertiser's Index 64 
Be ure to notity us when you move, so that the 


SPE Journal can continue to he ent to you! Send 


addre fo SPE Putnan lie 


yh 
(© ~ { 
| 
| 
\ 
» 
} 
4 
~ 
LS. 
J 


PROGRESS THROUGH STANDARDS 


and how helped” 


Che history of economy in modern business has been 
directly related to the history of Standardization. One 
of the major clements affecting the economic produc- 
tion of finished plastic parts is the high initial cost of 
the mold. A progressive step in reducing mold cost, 
without sacrificing the high quality required, has been 


successfully achieved through Standardization. 


When D-M-E originated Standard Mold Bases and 
their component parts in 1942, it provided the answer 
to the rapidly growing demand for high quality molds 
would maintain and the economic ad- 


that promote 


vantages of plastic parts. 


Through large volume purchases of quality steel in 


standard sizes and = specialized production facilities, 


Seecgy D-M-E 
gor 
QUALITY... 
SERVICE... 
ECONOMY ~ 


D-M-E was able to produce and supply high quality 
Standard Mold Bases to mold makers and molders at 
such great savings in cost and time that the benefits of 


Standardization were quickly realized by the Industry. 

Today D-M-E produces twenty-eight different sizes 
of Standard Mold Bases, from 9° x $ 
in either D-M-E No. 1 No. 2 
range of cavity plate thicknesses to satisfy the diversified 


233/," x 351, 


wide 


to 
or Steel, with a 
demands required. In addition, over 2,000 finished com- 
ponent parts of the same high quality are available to 
provide additional savings in service as well as in the 
product. 

Properly engineered Standardization puts the accent 


on Economy. When you “Specify D-M-E .. .” 
Quality, Service AND Economy! 


you get 


DETROIT MOLD ENGINEERING CO. 


6686 E. McNICHOLS ROAD — DETROIT 12, MICHIGAN — TWinbrook 1-1300 
Contact Your Nearest Branch FOR FASTER DELIVERIES! 


HILLSIDE, N. J. (wear NEWARK) 1217 CENTRAL AVE., ELIZABETH | 
CHICAGO 51, ILLINOIS sor w. oivision srrecr, 1-7855 
Fi CLEVELAND 9, 0.-D-M-E CORP. so2 srooxpark 1-9202 
LOS ANGELES 7, CAL. 700 sour sTREET, ADAMS 3.8214 
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Big production—hasic integrated production—low-cost pro- 
duction of a range of diisocyanates now makes possible 


rapid expansion of commercial urethane uses. 


That, in a nutshell, is the significance of our new Mounds- 


ville, West Virginia NACCONATES plant. 


It is a major multi-million dollar facility, fully integrated 
through Allied Chemical resources right back to essential 
raw materials, It is backed by complete technical data, appli- 


ation data and field technical service for urethane users. 


The entire National NACCONATES story is yours for the 
asking via the handy coupon below. First come, first 
served—in the order of urgency. So please ¢ heck the « oupon 


completely and attach it to your Company letterhead. 


NATIONAL ANILINE DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 


Akron Atlanta Boston Charlotte Chattanooga Chicago 
Columbus, Ga. Greensboro Los Angeles New Orleans Philadelphia 
Portland, Ore. Providence Richmond San Francisco Toronto 


] I ide m irk 


I am now working with diisocyanates; [—] working in 
areas where they may be used; ["] broadly interested in 


data only. 


Without obligation, send me NACCONATES Product 


Data Package—6 technical bulletins on diisocyanates. 


Have representative call by appoinment. 
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with “WILLERT 
VAPOR PRESSURE COOLING”* 


PRODUCE 


Close Tolerance 
Extrusions 


EASIER AND FASTER! 


ACTUAL MATERIAL 
TEMPERATURE 


Indicated and recorded during a typical 
day’s production run—not a carefully 
controlled laboratory test. 


Egan extruders are the only extruders available 
with an automatic temperature balancing system 
which also provides a quick cooling feature 


FRANK W EGAN 
SOMERVILLE,N.J. 


without pumps, blowers, or compressors. 


*Patent applied for 


Write, or phone RAndciph 2.0200 today for complete intormetion—no obligation. 
FRANK W. EGAN & COMPANY, Somerville, New Jersey 


Representative: MEXIC F.— Gottfried, Avenida 16 De Septiembre, No. 10. Licensees: GREAT BRITAIN — Bone Bros. Wembley, Middlesex. FRANCE — Achon 


f 1, Re & Ce 36 Rue d Enghien Xe, Paris, ITALY — Emanuel & Ing. Leo Campagnano, Via Borromei | B/7, Milano. GERMANY— ER-WE- PA. Erkrath. bei Dusseldorf. 
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Feeding an orphaned lamb or calf is now an easier 
and safer job because of a new bottle blown from 
| resilient Tenite Polyethylene. 


First of c'l, the Polyethylene bottle is virtually inde- 
structible — can be dropped, kicked, knocked about 
without fear of breakage. Also, while designed to hold 
nearly two quarts of nursing feed, it weighs less than 
usual bottles of a much smaller size. The smooth 


Polyethylene surface has just enough texture to be 


non-slippery. It washes clean quickly in hot water. 

This special bottle is but one example of the adapta- 
bility of Tenite Polyethylene to modern product needs. 
You will find this versatile plastic used today in hun- 
dreds of colorful molded housewares, as well as in 
extruded packaging film, flexible pipe and tubing, 
and coatings for paper, wire or cable. 

Why not check for yourself into the interesting com- 
bination of properties, the wide color choice, and the 
ease of fabrication which are offered by Tenite 
Polyethylene? For complete information, write to 
EASTMAN CHEMICAL PRODUCTS, INC., subsidiary of 
Eastman Kodak Company, KINGSPORT, TENNESSEE. 


=~») / Z0ttle blown from Tenite Poly 
B DiOwn trom ienite ly 


POLYETHYLENE 


an EFastman plastic 
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‘a r Albers Milling Division of the 
arna n Company ( An 
4 geles, California, maker of Calf 
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Escambia’s modern plant near Pensacola, Florida, is now producing 
the following general-purpose, casy-processing resins: 


ESCAMBIA high molecular weight, recommended 
PVC 1250 for extrusion of shapes and _ profiles 


and for calendered film. 


ESCAMBIA intermediate molecular weight, par- 
PVC 1225 ticularly adapted for supported and 
unsupported sheeting. 
ESCAMBIA lowest molecular weight in this series, 
PVC 1200 designed for flexible and_ rigid 
sheeting. 


following these—Escambia will produce additional PVC 
resins for other specific purposes, including types for rigid and 
electrical applications. 
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ESCAMBIA PROVIDES a. well-statted, 
fully-equipped customer and technical sery 


ice laboratory ready to aid you in producing 


, 
maintainer | netant ¢ Lins 
IS MamMtarned CCCNNICal SUpPCT 
vision Of all production to assure highest 
quality and unitormity of Escambia 
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261 MADISON AVENUE « NEW YORK 16, N. Y. 
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they picked ultrasonically inspected 
CRUCIBLE CSM 2 


from warehouse stocks 


FOR HIGHER FINISH .. . LONGER MOLD LIFE — It takes a 
highly polished and dimensionally accurate mold to form clea: 
styrene into these thin walled containers. And, because 
production-runs go into the millions, the mold steel has to be long 
lasting. Both are good reasons why CRUCIBLE CSM 2 

was selected. 


For CRUCIBLE CSM 2 is an exceptionally clean steel—uniform 
in composition and structure — with superior machining and 
polishing characteristics. And for absolute dependability, every 
piece of CSM 2 is ultrasonically inspected. 


What’s more, for your convenience, CSM 2 is immediately 
available from Crucible warehouse stock in 205 sizes. Next time 
you need mold steel —call Crucible. Crucible Steel Company of 
America, The Oliver Building, Mellon Square, Pittsburgh 22, Pa. 


| C i UJ C j M LE] first name in special purpose steels 


Crucibie Steel 


Canadian Distributor —Railway & Power Engineering Corp., Ltd 
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Stability of Nylon Parts 
In Business Machines 


Byron W. Nelson 
e National Cash Register ¢ 


ONE \N tL let ad tunct haitio rial doof contact of any ating member 


f business machines, he will find that they are made up (It is this first step of investigation, particularly with 
fo many thousands of sn Intricate, and close dimensio1 nvior ch caused us t auneh a program designed 
parts, ony nes of seyiment na whict rive is itlor for future application and 
ist he fit « togethe prope. gnment ne per.) 
oO Carry inction ! ts pletior Step 2 ( co estimate ind iVving f it ts 
Hy ould hind tt t re of tart | { tir piirt, re 
‘top nature, This bring being InKnOWwn In Step 3) Sample parts are then machined or fab 
orees ( \ ‘ ented fron slocks of nite) and placed on test, ther 
ne he (Tree-running: ¢ n actu machine on pecial test fixture which re 
cs) of tl specifi embly ( ! nection } t 
produ funetic closely as possible 
Since Dusit muchnine Step \ na le-<« \ t\ old constructed, part 
ate ceilitinas. thesun it the rld and it riation de and placed on exhaustive tests both in our Product 
n climatic environment, the stabilitv of parts is of utmost Testing Department and in field machines 
portance Step t tep to recommend adoptiol , Col 
Mines conditions add. up t the fact that ' rence truction of production too ind placement u production 
\ Con ct exte ! ! stu ind fleta ist 
doptic ysten vould be utilized with any plasti 


ill be confined to our studi 


tint of genera purpose 6.6 nvlor These tudies ure 
i wal Tolle 
Step \ the ! ( ‘ i tudy 
A. Wear of nvlon when operating aguinst various mate rials 
ne pre posed p Ole cet 
red nad hot) tet ’ condit , the B. Surface finish requirements for mating steel parts mn 
Effect of relative humidity on the dimensions of nylon 
piart 


We were considering the use of light weight material 
ich uminut nd nylon in our machines, in orden 

reduce nertin, running loads, and the total machine 
eight 


raingly, ‘ ip i? irbitrary test to check 

eur tance of nylon vhen operated in contact 
ir procedure wa is follow 

1 We elected tundard steel gear which wa 

ready ino production, (known as Printer Drive 


Genr 2h. Figure 1) and had the following di 


or pite diameter 2.500 nehes: outside 
ra tery 2.666 inehes: tooth width 0.187 inche 
rite number of teeth 30 

er ere made nvilor 
\ per fixture (See Figure and ) whiel 


d operate at peed of 190 rpm and adju 


oth pre ive of 15, 25, and 30 pounds wv 


FIGURE | 
Printer Drive Gear No. 3 Conference the SPI 
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Wear of Nylon In Contact with Other Materials 
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FIGURE 2 


Gear Test Fixture — Front 


! ructe« ti wt oft ve could te 
teal iltaneou The operating load 
ed ob 1) etting ind the ftixture 
operated ft pulley nicl connected 
) Deit te er oa ‘ 
Che following ¢ r trai ver et up, using 
raphite gre ibricant 
) Nvl ! ! t nvlor 
Nylot iv t ter 
hese trai ere operated t 190 rpn nad ile 
tootl i! tor operations 
removed mao} ired oo running gauge; 
turned to the fixture, operated at 190 rpm and 
> pounds tooth pressure for an additional 2,200 
HOO operations, removed and measured: returned 
the fixture operated at 100 rpn and 30 pounds 


TABLE | 


Gear Tooth Wear 


FIGURE 3 


Gear Test Fixture — Rear 


Wear measured as runout on Nylon Gears operating against other Materia!s 


Gear Data: O. D. 2.666”; P. D. 
No. of teeth 30; Pitch 12 
No. of Revolutions per minute 190) 


Lubricant Graphite Grease 


15 Pounds 


| l Nvlor Nylon 
Nylon OWLS 


) 
Sty Nvlor 


Stor HOE 


ni 


tooth pressure tot ! 
of 12,900,000) operatior \t this point the te 
vas stopped and fir it ents were made 
Ihe results of this test re ! ! Pabl | By 
study of these data it is indieative that nylon will b 
subjected to excessive Wear when ope ting unde? One 
of more than 130) pound pet nel f tooth width (2 
divided by .IS7, where 25 is the poundage utilized in. the 
econad phase of the test and .IS7 is the width of the ge 
tooth it nehes). The data indicate Iso that ther 
ery little choice betwee running 
mate with nylon luminum definit ild not be used 
We believe that the aluminu xia t the surface ne 
thereby becomes h ghly ibrusive Qur general experien 
has indieated that we will obtain exc: ve weur on alun 
num and any material ited t t « to this onxidat 
phenomena, 
2.500"; Tooth Width 0.187” 
25 Pounds 30° Pounds 
2 200.000 (Total 7,700,000) (Tot 000) 
Nylon 020 Nylon 
Nylon 0034 Nylon 
(Pits worn at Piteh Line) 
Nylon Nylon Gear failed by 
Steel 00S tooth breakage at 1,919,001 
(Tota of Y.619 000) 
Nylon 
Stee] Oo 10 
Nylon 128 Ny ed by 
\luminut breaks 1.500 
(Tot we 
RNAT bel i 
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Surface Finish Requirements for Mating Stee! 
Parts in Moving Contact with Nylon. 


I \ k 
tar 
ce t 
ce ‘ ene sect T ct 


ts ‘ ning he \ 
part sin ‘ ist ( 000 
ry perl ! \ 

ry ‘ ( t 

ections ina ae pths of the recs ‘ thy roughness 

ire recorded millionths f ne ero-inches. Oy 
this basis, a finis) low nehe col dered rathe 
rough the top fo) rener: chining eth 
wWhereus l ott micro ne! De} 


ons to produce 


We found that inface fir of 50 to SO micro-inches 
could be effected by a milling operation. This could b FIGURE 4 


inches C-51 Clutch Pinion 


tained it then ~ Ve! eould not he cle 
pended peor pect cutt 
equired It a produe 

i ( oxtre ‘ \ ( 

move ny umbiing 

When grinding of parts trie t found 
| 


of 15 to 25 micro-inches ild be 1 vy ma 
tained A very small burr was produeed, but it was easil TABLE I 

application , we discovered that grinding ecor Effect on Nylon of the Surface 

Finish of Steel Parts Mating with Nylon 


\ Surface Finish Number of Operations 
We have concluded from t rk that ste art and How Obtained Before Excessive Wear 


k pil 

nating witl nvior should i} 1) (20) miero-inches) Cre nehe in ed) 
<1 fied on our ad nos 

pecified o1 ir d nd hand polished) 000.00 

is cre none ind) 


Effect of Relative Humidity on the Dimensions of 
Nylon Parts 


nvion, and vi brought | 1 atl fore ull 
hen we experienced binding prreontole Ul ssembled Relative Humidity Chart 
| le Materials and Methods used to obtain various rel 
ort n aity Ve ati 
ative humidities at 75°F (From International 


detailed program: to determit vhen and how muel - 
Critical Tables, Vol. 1, p. 67 & 6S) 


Several different types of ou nwded nyton parts were Relative Humidity Material or Method U sed 


ised in this study. Sin ! ‘ ir res 
ti lv dupheated themselve } } 
nd ts dat TI s p rt | vu t ad 
dat 
Outside D ‘ 
Lite 1) te? 


‘ 
al € 
k ‘ ther 
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th 
We have been aware of the rather high moisture ‘et 
absor cl ricteristics of twwe rene? ] pul ‘ B 
te 
+} 4 
one mal 
i! cetate ! 
ving 
a at 50 R.H 
No, of teeth 12 + 
Hole diameter che 
ekness 0.444 inchs 
experiment procedure { 
ne r mal « int tant easul Valroge 
ments We bt ned ‘ it ead eter, thick [ist j 
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nickne ired +} ete 
tne nole diamete! vith eri plug gauge 
graduated in .0005 inet} ter 
4 Phe part vere ther placed ispended tr 
por) n ae ecator (at least twe dentiecal part 
n each desiccator) which contained saturated solu 
tior of 1 rious iits te t ‘ numiditie 
f 79 Qh nd 100 t 75°! 
(roon temperature ) (Ser Table IT] for the make 
ip of these solution 
3. The part ere measured fou times the fir 
‘ k. nes du ny the second eek one during 
FIGURE 5 
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+ hu dities thie vere ren ed ind 
eplaced in the 150°) During this portion 
f tl tes the parts easured (after cor 
ng desiccato! t temperature) fou 
tir the first veoek 1 ( t} ond veek ind 
then on eek unt equilibrium was 
tablished 
Graphical Results 
The result f ou ‘ ive been plotted 
n graphs as shown in Fieures 5. 6 and 7. It can b 
bserved from Figures 5 nd 6 thut the mount and type 
of changes re ery mucel k egardless of vhethe) 
thy uutside d eter or thicknes $ nvolved. Figure 7 
however, shows an entirely different picture in that nu 
the first stage motsture ibsorpt n the surface of the 
mate ]1 swells t vard the li oft st resistance, vhicl 
! the ( se of the surtace of the hole Ss tow rd the cente! 
bsorption progresses further into the part, the entire 
nerense te ad ol or creating forces 
ctors which <« ise the part t xpand outward taking 
the surtiac of the hole Vitl na thus causing al 
crease in the hole diameter. We re of the opinion that 
t is extremely important to recognize this phenomeno 
if original reduction n center hole ‘ nee problems 
ot bindup ! occur rt rotates shaft ind 
becomes exposed to high humidity. W have adopted the 
policy of designing (for one quarter inch or less diametet 
holes) with ‘1 nimun clear nee betwee! sn ift ind hole 
of .0O15 inches 
Figure S snows the in dimensiona 
ecurring in O.D., thickness, and I.D. from dry condition 
to e¢ uilibrium it ViLrlous hun aities Furthet examina 
on of the curves shown in Figures 5, 6, 7, and & shows 
the follow ng: 
(Pe turn to pag ha) 
FIGURE 8 
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Interrupted Extrusion Equipment 


n a number of extrusion processes the use of valves 


oO regulate polymet flow is becoming a standard practice. 


Principal examples where valves are being used to regu 
late polymer flow are bottle making operations, and 
multiple die extrusion where the distribution of polymet 
to various orifices must be controlled. Multiple orifice 


extrusions have already been utilized in the production 


of pipe, tubing, blown film and wire coverings. 
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FIGURE | 
Plug Valve Cross Section 


1. Body—Elastuff JJ 

2. Plug—Elastuff 44 

3. Flange—Elastuff 44 

4. ‘e” Dia. Hardened Ball 


5. Stock Thermocouple or Pressure Gauge Fitting 
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alved 


Extrusion 


Ernest C. Bernhardt 
/ if ate Nemow and ¢ 


We are quite sure that many new uses for valved 
extrusion integrated with forming or molding operation 
will be found, as additional experience in the use of valve 


to control the flow of polymer is gained 


Polymer Valves 


The valving of polymers presents few unusual diffi 
culties beyond those encountered in valving of any other 
fluid. The most serious problems which we have eneount 
ered are, (a) the need for streamlining the internal pa 
ages in order to avoid dead spots and hold-up of stagnant 
mate rial, and (b) the elimination of seals and price king 
n order to avoid contamination proble ms and to simplify 
disassembly and cleaning. 

To date two type s of valves h ive been en ployed Sus 
cessfully to control the flow of polymers from extruder 


plug valves and needle valves 


Plug Valves 


The plug valve construction which we have utilized 
shown in Figure 1, It is essentially an unlubricated valve 
without any packing. Lubrication is provided only during 
the initial assembly, when the plug is coated with hig! 
vacuum silicone grease. The tapered plug is harder thar 
the body of the valve, and is lapped into the eat. The 
plug is inserted into the valve from below, and is held it 
position by the retaining plate and the small steel ball 
at the bottom. These valves are home-built. Figure 2 show 
a photograph of such a valve. 

The valves have been operated successfully on poly 
ethylene resins, nylon resins, and acrylic resins. How 
ever, by far the most extensive experience has been 
gained in their use on polyethylene. With this resin they 
have been operated continuously as shut-off valves on 


very rapid automatic cycles for extended periods of time 


This paper prese nted at the 18th annual Technical Cor 
ference of Sz. 
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ru i be used a 
i r actior ery rapid. How 
dapted them for use where mino: 
etiol needed. These finer adjust 
! tr hole in the plug 
| h nin Figure simple 
diustment 
Valves 
ery tithe adjustments n the resistance to 
d, tl ise f needle valve is generally pre 
ple need Ives built directly into the di 


lie manifolds have worked very satisfactorily 


flow of plastic melts from extrusion equip 
cosity of the molten resins 
t} construction of ilves without any 


Mer \ \ electing stundard N.k 


tructiot ! Figure le ikuge ‘ 
kept il ins gnit 
‘ tl ssemblv show 
construct 


FIGURE 2 
Plug Valve 


FIGURE 3 
lug With Feathered Hole For 
Finer Adjustments of Valve Openings 


) photograp a die assembly ut 
ng needle valves which has been used successfully it 
ilt ple orifice xtrusior poivethnviene tubes Tron 
ney xtrud 


Design Considerations 
flow through long 


ind intrieate channels, it is advisable to estimate the re 


Whenever polymers are made t 


sistance to flow which the polymer will encounter. This 
ll make it possible to design the required valves, mani 
folds and dies correctly and thus avoid running into un 
expected pressure drops in the system. 
Assuming laminar Newtonian flow, estimates can be 
ade of the resistance to flow through channels of regu 
ar geometric shapes. Only the flow rate, the channel 
dimensions and the melt viscosity need to be known 
Newtonian flow equations for irious simple geometri 
channels are given in Table I 


broke ! 


ow equa 


Complicated flow channels can usually be 
down into simple elements where one of these fl 
tions will apply. In this way the total pressure drop car 
be determined by addition of the drops across the various 
components. 

The equations described here are simple to use, but 
they apply only to Newtonian liquids. For non-Newtonian 
fluids, the change in viscosity with shear stress should 
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FIGURE 4 

Cut-Away View of 4-Way Tubing Die 
Adjustment Needle 
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1 ilves \ used tr 1? 
the extruder into variou 
2. Valves vy be used nterrupt woly TABLE II 
Sample Calculation to Determine the Pressure Drop 
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(ile extrus ns ! ( ering rargnt bor ectiol ; 
ind pipe. The multipl rifi« ibing « vn in Figure (Figure 1) ne 
r. of “Alathon” 14 (M.1 
San eXample of such a se up 
Multiple die extrusion f this pe offer particulan 
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| Gel \ trol pure ) 
Multiple dies pern nis ng the Newtonian flow equation f round 
| \ re ‘ 
he cooling and handling probl 
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nst ! here shut e used t 
melt tely nt ‘ ict 
iit t leas ne pas ure ‘ } 
ntinuous and uninterrupte th xtrud 
In all of the be 
ised nerely t contre the a rib f polymet 
truder performance, considering dis et hi 
particular Cuse, could be ¢ i read ‘ 
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\ standard metering type screw is used. Howeve 
nterrupted extrusion the serew, and the metering se« 

n particular, acts not only as a pump, but also as 
melt reservoir, The deeper and longer the screw channe 
the greater is the melt storage capacity. 


In ordinary extrusion operations, the machine must 


not be run at speeds at which the pumping capacity of 


the metering section exceeds the melting capacity of the 
feed ection Otherwise, the metering seetion would 
run starved, and the output would be determined by the 

lting capacity of the feed zone. Under these conditions 
the performance of the machine would no longer be uni 
form or predictable 

In an interrupted extrusion operation, it is not neces 

iry that the pumping rate of the metering section be 
limited to the melting capacity of the feed section. Th 
nomentary flow rate during the period the valve is open 
may be considerably higher than the melting capacity of 
the feed zone, so long as the size of the shot does not 
exhaust the amount of melt available in the metering 
ection. Naturally, for best melt temperature uniformity, 
no more than perhaps of the volume in the mic tering 
zone should be discharged during one shot. 

During the following interval, while the flow is inter 
rupted, the extruder will cause the resin in the serew 
channel to heat very rapidly not only through heat trans 
fer, but especially through the mechanical working which 
it receives from the turning of the screw. As a conse 
quence the machine can quickly restore the amount of 
molten plastic to its initial quantity and be ready to pro 
duce the next shot. 

In this way, interrupted extrusion makes it possible 
to eject shots at momentary extrusion rates which ar 
fur in excess of the normal rated capacity of the extruder 


Design Procedure for Interrupted Extrusion 
Operation 

The procedure by which the optimum screw design 
for an interrupted extrusion operation may be determined 
can best be illustrated by giving a typical example: 

Assume the following conditions: 

The discharge from an extruder is to be interrupted, 
using a single valve. 

Shot size required—3 grams 

Frequency of shots—100 per min. 

Orifice dimensions through which material will be 

discharged: I) 0.125" diameter 
L, 0.250" land length 

‘ of time valve open—50% 

Material—*Alathon” 14 polyethylene resin 

Temperature—450° F. 


\. Extruder Size 

One hundred shots per minute of 3 grams each cor 
responds to an hourly production rate of approximately 
10 Ibs. hr. An extruder operating on an interrupted cycle 
will have about the same plasticating capacity as an 
ordinary extruder of the same size, Accordingly we would 


select a 2” extruder to handle this production rate. 


BK. Instantaneous Extrusion Rate 

One hundred shots per minute means one shot every 
0.6 seconds. Since the valve is open for only 50° of this 
period, we must extrude the 38 grams actually in 0.3 see 
onds, This means that we must have an extrusion rate of 
approximately 80 Ibs. hr. during the interval while the 


valve is open. 


C. Orifice Restriction 
For a simple hole orifice the die constant (k) can be 


Twenty 


Substituting the specified dimension 


eay ilue Tor k of 24x 10 t 


D. Optimum Channel Depth for Metering Section 

The optimum channel depth of the metering section 
vill depend upon the die resistance. (We shall ignor 
the resistance to flow through the valve and the adaptor) 
The optimum channel depth can be exnleulated from. the 
formuls 

h 6kL 7D sine 
The derivation of this formula may be found on page 


977 of the Symposium on Extrusion (1) 


Assume that a standard screw with a pitch ai 
meter (® 17.6°) and a metering section of 4 flights 
shall be used. Accordingly 

k 24 x 10 
Sin 
| 


ind the optimum channel depth h turns out to be 0.125 
Other dimensions as defined in Figure & would be: 


Pitch Z 
h O.375 
Length of metering zone 1 flights 
Length of transition zone ls flight 
Length of feed zone 15-'»s flights (for L D of 20:1) 


Normally a channel depth ratio of 4:1 would be recon 
mended. This means that 2 metering zone with a channel 


depth of 0.125” would require a feed zone channel dept! 


f 0.500", This depth turns out to be excessive for a 2 


diameter screw, and might weaken the serew shank too 
much. Since in interrupted extrusion the metering sectior 
does not deliver continuously at its drag flow rate, the 
normal specification for a channel depth ratio of 4:1 is not 
required 


EK. Required Screw Speed 


The serew speed needed to deliver the required Sf 


TABLE Ill 
Definition of Terms and Suggested System of Units 


Q—Flow Rate (Volumetric) in 
h—Channel Depth—in. 
D—Screw Diameter—in. 


Helix anglk degrees 

N-—Screw speed—revs. second 

L—Length of Metering Section—i) 

et Viscosity sec. 

Pressure—lbs. in. 

L, —Orifice land length ! 

\ Orifice radius in. 

D —Mean Orifice diameter 

Width of orifice—in. 

§,—Annular opening of orific 

k—Dimensional constant of the Newtonian Flow 
equation; briefly, die constant as expressed by the 


equation Q k (AP 
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a 
determined Trot the Tor i 
k R l 
|) 
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$50 


METERING 
SECTION 


> =x 100 
of 1.66 rps rp 090 
80 
z O70 
060 
Estimate of Maximum Pressure 050 
w 
The maximun pressure \ of course be generated “ 040 
vhile the valve is closed, and w depend upon the vis 2 030 
COSITY of the resin ised. For the resir Spec fied at 450°F 
aus Stated in this problem, the viscosity cal be determined > 020 
from Figure 6 (6). The viscosity turns out to be 0.038 a 
° 
pound seconds per it We cnn now use the simplified 1v) 
; “ 
ow equutior to determine the pressure it the hend of > 010 
sc) \ 009 
‘ cre 008 
007 
(tt? D2 Nh si |) P sin: 12 u L) 006 
(Ref. 1 & 2) 005 
When the flow is stopped Q O. A the other varinbles 004 
except P are known. Solving for P we can ealeulate 003 
maximum pressure of approximately 3900 ps 
Besides these factors it possible redeter 002 
: 300 350 400 450 $00 
nine the mount of } e generated as 
matically tn thie pple ect nic rk 
TEMPERATURE F. 
to the resi Howeve) n the « 2” extruck op 
erating at 40 Ibs. hr., enough heat transfer are FIGURE 6 
able that control of the temperaturs not be eritic Melt Viscosities 
ia. 
Now thi pertinent ( cerning tl per itiol 
ine known. Ph opium um (te pth ol the screw has 115 
been caleulated, the screw speed is known, and the maxi T 
mum pressure whicl vill be developed has been de 1.10 
termined, AY 
In Summatl neg he res cu t t 05 YLOSE ACE Tay 
vell to review briefly some of the underlying assumptions BUT 
ipon which the derivations of the quation ised had Lv 5 
OLY 
heen based. m 0.95} STYR NE — 4 
1. The formulas whi ere used were ed | 
basis of laminar Newtor a 
2. The formulas ! sothermal ex 0.85 
trusion, Le., no cnanges In temperature, Viscos tv o | 
3. Th equations hold true only for shallow. serev T OLy THYLENE 
channe Is where the e] rn? vidth t dept 
} 
ratio is 10:1 or greate) 0.70 
4. The formulas used 21 plified. and ignore the 300 350 400 450 500 550 
space taken up by the land, as well as the leakage TEMPERATURE ~ F 
flow which takes place between the land and barrel FIGURE 7 
vall Melt Densities 
We ha ssumed tf disci ge racterist 
of the screw re cont ed solely by the metering 
Ineecuract is a result these s plifications may | Zz 
| 
be expected Howeve} Dv ng } tofes plify le 


vhich conditions excessive erm re ke t ecu nd 
ow they \ ild tfect tl ‘ ted res If etu 

pers ting naitions ae n t exactly predicted 
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FIGURE 8 
Metering Type Screw 
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ct t ‘ rie« cl the 
fitter 
neip errors t culceulatior yvoutd 
timating the maximum pressure which should 
ie he expected during the interval the valve is closed 


Avoidin 


g Hazards 
‘ 


d possible hazurds to operators and equipme? 


. from unexpectedly high pressures inside the equipment, it 
. ‘l ble to follow a proceedure for instrumentation and 
i rt-up which includes the following points 
1. Install a stock pressure paupe and stock therm: 
bE eouple o that the conditions ins de the hend of the 

: extruder can be determined, (5) 

é 2. Install rupture disk assembly or equivalent ade 
vhich vill relieve any excessive pressure 


nicl might neceidentally he built up side the 
i In beginning «at nterrupted extrusion operation, 


h ne hould bye sturte nt low serev spe ds, 


nd or high temperatures in order to minimize the 
: hanes for unforeseen excessive pre ires, The 
pre ures should be observed as the extrusion eo 


ditions are changed to the desired levels 


Other Than Optimum Screw Designs 
k If an interrupted extrusion operation Is to be carried 
out tlready existing screw, the equations used in 
the culation tie ption of Step can te 
employed to predict the performance to be expected 
ny xtruston condition 
Experimental Results 
We have actually operated experiunental interrupted 
: extrusior A typical set-up on a 2” extruder is shown it 
the opening photo. The valve used to interrupt the flow 
if the polymer, the die orifice and other essential parts 
own. A pneumatic eylinder (1-“4" Bellows air eylin 
, ler No. BPEM-2 with a stroke) controlled through 
5 eoye timer (Industrial Timer Corp.) is used to open and 
lve or ins desired cyele. 
The yhnificunt conclusion vhieh huve bee! 
Ci reached as a result of the ealeulations and of the expet 
fr nental work on interrupted extrusion may be summarized 
4 1. Under certain conditions it is perfectly safe to use 
; ilve or valves to interrupt the flow from an ex 
ue truder while the crew continues to turn at its 
normal peed 
2. Interrupted extrusion can be used as a means for 
producing shots of polymer melt in a uniform series 
it au rapid rate 
3. The operating conditions in interrupted extrusions 
can be predicted using the established extruder 
flow equations. 
Interrupted extrusion makes it possible to eject 
hots at momentary extrusion rates which were fut 
, n excess of the normal rated capacity of the ex 
truder 
With equipment of the type shown on page 17 we 
3 have been able to use 2” extruder to produce shots fron 
sti Ad gry each at 10 shots per minute down to 0.200 grams 
r t rate ver LOO per minute. Coefficients of variation of 
) ind lower between shots have been attained. A more 
prositive icting mechanical valve opener re placing the 
preurniatie ystem would be expected to give in evel 
fi more uniform output 
x In Table TV experimental data from such a run are 
‘ mp real aginst ¢ tleulated values. It shows the degree 
» whiel greement between predicted and aetual results 
he expected 


Alternate Methods for Interrupted Extrusion 


In the discussion of interrupted extrusion, alternat: 


? 


nethods for accomplishing the same results will naturally 
come to mind. For example, extruders in combinatior 
vith rams, accumulators, by-pass systems or the like 
could be considered. We were attracted to tine systen 
described here because it appears to offer the least ex 
pensive and mechanically simplest answer to the problen 

We expect that the interrupted extrusion technique 
for producing uniform shots of molten polymer in rapid 
series combined with simple forming operations can be 
used to advantage in solving variety of plastics pre 
cessing problems 

The molding of small and mple shapes of mediun 
to heavy wall thickness such as knobs or closures via this 
technique appears to especially promising. numbet 
of such applications utilizing interrupted extrusion In cot 
junction with indexing table compression units are already 
under consideration and are being run experimentally 

The higher observed flow rate and pressure reading 
ure attributed to the relatively deep flighted metering sec 
tion. (The channel depth used was 30° deeper than oun 
standard “Alathon” screw design). Deep flighted mete! 
ing zones are sensitive to pressure build-up in the feed 
zone and are likely to deliver more than expected, especial 


ly when used with low die resistances 


TABLE IV 


Interrupted Extrusion Performance Data 
Actual vs. Calculated Operating Conditions 


Conditions 
Screw dimensions (Metering Section 
Channel Depth: 0.110 


Helix angle: 17.6 

Length of metering section: & 
Serew Speed: 42 rpn 
Orifice Dimensions 

Diameter: 0.240 

Length: 0.25 
Valve Timing 

Valve open: 0.5 secs 

Valve closed: 0.3 sees 

Cycles minute: 100 
Material: “Alathon” 10 polyethylene 
Melt Temperature: 400° F 
Dependent Variables: 


Observed Calculated 
Maximum Pressure while 
valve is closed S50) ps 360 ps 
Flow Rate while 
valve is open 2.9 ¢ shot 1.6 g, shot 
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The Effect of Carbon Black on 


The Stability of Polyethylene 


John T. Moynihan 


leheson Dispersed 
.. » Carbon black dispersed in polyethylene resin variations in the carbon black, such as changes 
is effective in preventing degradation due to light in the chemisorbed oxygen content, result in large 
and weathering. The mechanisms of preservation differences in the distribution of carbon surface 
depend to a great extent on the degree of disper- and in stability 


sion of the pigment within the plastic. Surface 


( ARBON BLACK has been found 1 « the most ene 
tabili 


effective s zer poivet! erie Plastic avainst 
yradation due to light and weathering (1, 2). This sta Va\ 
bility is very important when the materia s subjected t the 
exposure to sunlight and weathering ove ong periods of e! 
time, such us in electrical cable sheathing applications (3) tf yx 
und mm plastic pipe. \ study the nterrelation betwee energy 
ne pl stic and the « rh } | { | 
that future increnses in stabilitv n v result. For ex pole (one 
the distribution of the curbs black urtace yithh the erie 
polyethylene mas ortunt consideration for 
stability nter 

One obvious characteristic f carbon black as a ht cause 
stabilizer in polyethylene is that it absorbs light throug] 
ut the entire range of the speetrun and s , itects th 
nterion f the plastic fron the penetration 
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FIGURE | 


The structure of a soft carbon 


black. 
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In the presence of oxygen, carbon-oxygen bonds may form 
nm a chain terminating reaction before the polyme: seg- 
ments have a chance to reform or cross-link. This serves 
to explain the presence of alde hydes, ketones and acids 

the degradation products of polyethylene degraded in 
the presence of oxygen (6). On the other hand, hydro- 


FIG.2 SCHEMATIC DRAWING OF 
ELECTRON DISTRIBUTION FOR CARBON SURFACE 
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FIG. 3. CORRELATION OF DISPERSION RATING 
SCALE WITH ABSORPTIVITY 
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carbons result when the poivmer is degraded in the ab 


sence of oxygen (7). The preponderance of chain termi 


nating steps in the reaction in the presence of oxygen 


helps explain the accelerated deterioration of polyethy 
lene during weathering, that is, in the presence of at 
mospherie oxygen. 

In the process of degradation, energy may break 
carbon-carbon bonds or carbon hyd ogen bonds with the 
formation of polymer free radicals, activated or reactive 
polymer molecules, methyl radicals, and othe radicals 
(8). Szware (%), among others, has recently pointed out 
how the carbon surface may take up free radicals befor 
they can react with additional polymer and degrade it 
Let us now examine the carbon black surface in mor 
detail, Figure 1 (10) shows a schematic diagram of a typi 
cal soft carbon surface which is composed of condensed 
aromatic rings in the stacked planes characteristic of 
graphite structure. In between the graphite areas ar 
hard carbon regions which are disordered arrangements 
of carbon atoms. Figure 2 shows how the sigma and p 
electrons are located at the edges of the condensed aro 
matic structure and also the pi electron within the econ 
densed structure. 

In actual fact, the carbon black surface is not e1 
tirely pi and sigma electrons as shown, but many of the 
edge positions are saturated with hydroxyl, carboxyl, 
phenolic, aldehyde and quinone type oxygen-containing 
groups and also hydrogen (11), which serve to take up 
some of these electrons. The amount of oxygen occupying 
the surface at the edges will vary with the conditions of 
carbon black manufacture. 

The carbon black in the polyethylene will stabilize 
by two mechanisms, light absorption and free radical 1 
action first at active edge positions of the graphite planes 
and also in a secondary reaction with pi electrons withir 
the condensed aromatic structure. Certainly the ability 
of the carbon black surface to absorb light and to accept 
free radicals will be a function of the amount of surface 
which is exposed to the plastic, that is, a function of the 
legree of dispersion. If the amount of dispersion of the 
carbon black is improved then it follows that the stability 
of the plastic will improve. 


Results 

Schaeffer, et al. (12), have shown how the chemi 
sorbed Oxygen can he removed from the carbon black 
surface by heat treatment to 1000°C in a vacuum. 

A channel black with an average particle size of 17 
millimicrons was subjected to heat treatment while being 
evacuated so that the oxygen content of the surface 
would vary. The material was then immediately dispersed 
at 2% concentration in polyethylene. This volyethylene 
had a melt index of 0.5 and a density of 0.92. The temp 
erature was controlled at 235° * 5°F. 

The method for measuring the degree of dispersion 
attained was by the use of an optical density comparison 


TABLE | 


Energy of Light at Different Wavelengths Compared to 
Chemical Bond Strength 


Wave- 

length Energy Bond Energy 
95.45 Keal einstein C-C 62.77 Keal 
100 71.5 Keal, einstein 85.56 Keal 
00) 57.2 Keal einstein 
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FIG.5 CHANGE IN DEGREE OF DISPERSION FIG.6 VARIATION IN DEGREE OF DISPERSION WITH 
WITH HEAT TREATMENT CHANGING SURFACE OXYGEN CONTENT 
35 


25 25 


RATING 
RATING 


7 
4 


DISPERSION TIME IN MINUTES HEAT TREATMENT °C 


scale of 0 to 0, the zero representing the finest possible Would be a funetion the carbo rrace tse 
legree of co loidal dispersiol Viewed microscopically The effect varying the surtace content 
at 100 powe magnification. The represents essentially the «dispersior show? 
o dispersion. The correlation with the proposed ASTM Treatments with hvdrogen. ethvlene and othe ns thane 
120-Subcommittee VII optical density method, is show! ! ire show? n Figure 7 The chany face area 
Figure 3. Here a visual daylight filter was employed wit! owing evacuation was relatively small as shown by 
a mercury vapor lamp in a microphotomete The ab absorption values on tl pigment It is to he expect 
sorptivity, a, is defined as follows that witl nereasing s fic area i the | ment t 
A be legree of btaine nile ume t 
\ absorbance ox l 7 ptical densit \\ be less This is because of the vreate Aid 
T transmittance tired to cover tl siirface. #4) 
iD thickness of the specimen (et } pigments are compared as in Figure &, whiel inv vreat 
c concentration of carbon black (grams ce.) n surface area, the presenee of surface XVLe? een A 
log log overcome the factor rf ncreased surtace area ! con 
The more arbitrary optical SCAI comparisol method parison to a piement where toe surtace is prima \ 
was used because all the samples were dispersed at the iroven groups 
same concentration, shear and temperature, so that a 


microscopic evaluation in an approximately linear mat 


ner afforded greater speed. Nevertheless, the ASTM 


method is more reproducible especially when alle e is a schemate iW ‘ 
ferences in dispersion are encountered than those whic! no plasty col | 
were obtained in making large surface changes tn carbot above data, it appears lkely that at « stant ter ature 
black in this study. ate of shear, surface area as calculated from elect? 
Constant shear was employed because of the ¢ cl ( SCOpM eas cement t { ye 
of this variable, shown in Figure 4. All of the above cor fect of the earbon black surface on the degree of 
ditions were controlled to make certain that the ( i eus ‘ ntica t\ } ose 


FIG. 8 COMPARISON OF DISPERSIONS 
FOR CARBON BLACKS OF DIFFERENT SURFACE 
AREAS AND SURFACE OXYGEN CONTENTS 


o FIG.7 EFFECT OF CARBON SURFACE TREATMENTS 
ON DEGREE OF DISPERSION 


Ong BO $Q/m PER GRAM H, SURFACE 


LICATE ADHESIVE 


ETHYLENE GAS 
X)- H, GAS 
X - CONTROL re) 
10 


920 5Q/M PER GRAM OXYGEN SURFACE 


RATING 


TIME IN MINUTES 


TIME IN MINUTES 
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by the following semiempirical relatior 

FIG.9 SCHEMATIC DRAWING 
OF TWO CARBON PARTICLES UNDERGOING ee 

PLASTIC DISPERSION ! the degree of disper sion aS measured by opt 


cal density 


k the fraction of oxygen on the carbon surface 
‘ 1D the bond energy of the carbon-polymer bonds 
E the bond ene! gy of the carbon-carbon bonds 


The carbon-carbon bond is undoubtedly a van de 
D (sec"') Waals bond of the hydrogen bond type, the energies of 


- which decrease in the following order between hydroge) 
: vy and another atom which may be fluorine, oxygen, nitro 
CARBON %.0 =, BROKEN VAN off WAALS BONO gen, chlorine or sulfur (15). The bond between a CH 
BLACK putes containing surface and another CH containing surface ts 
PARTICLE so weak as to be negligible. Therefore, since the bonds 
formed between carbon particles are between carbo 

SEPARATED oxygen groups which have a bond energy of 8 kilocalories ‘ 

eeteened and the bond between the carbon surface and the poly ~ 
mer may be a chemical bond, C-O-R (polymer), of 75 
HO kilocalories, a plot of these energies in the above equatior 
versus the degree of dispersion assuming an equal chance: 
for earbon-polymer bonds and carbon-carbon bonds to 
form, is shown in Figure 10. The bond energies, E.. and 
E.., would each be modified by a factor n, equal to the 
number of bonds, if the distribution of bonds could be 
evaluated. Since the number of carbon-polymer bonds 
has not been determined, the exact relationship is still not 
FIG. 10. PLOT OF DEGREE OF DISPERSION known. However, the calculation appears related to the 
(vs) RELATIVE BOND ENERGIES observed degrees of dispersion. 
0 Another possible chemical bond is that between a 
polymer scission fragment broken off during dispersion 
| at high shear which combines with the electrons of the 
: carbon surface in a carbon-polymer bond. 

3 Although the representation or model presented by 
°} 10 the above equation may help explain some of the observa 
tions by the mechanism of a carbon to polymer chemical 
‘ iS bond, an explanation on the basis of van der Waals 
forces alone is possible. The carbon particles are small 
spheres. In the aggregated condition the points of con 
20 tact between spheres is confined to a small area as shown 
in Figure 11. Since the van der Waals attraction de- 
25 creases by a factor of l/r’ as the distance, r, between 
the surface atoms increases, it is readily seen that the 
‘ number of the van der Waals bonds between the carbor 
particles will be small in comparison to the number of 
bonds between the carbon and the polymer. The more 
deformable, mobile polymer should establish a greate: 
number of bonds with which to overcome the carbon 
carbon attraction. Assuming that the van der Waals at 
traction is negligible after a distance along the radius of 

curvature of the particle equal to 30 angstrom units, a r 
FIG. I SCHEMATIC COMPARISON OF ratio of the area available on each particle for carbon 
VAN ose WAALS FORCES FOR TWO CONTACTING polymer bonds to that available for carbon-earbon bonds 
CARBON PARTICLES both at 8 kilocalories per mole is roughly 30 to 1. These 


areas are represented in Figure 11, in addition to a typi 


O(sec"') 


cal van der Waals bond between carboxyl and hydroxy! 
groups on adjacent carbon particles. Insertion of these 
modifications into equation (1) yields the following re 
Vision: 
(2) d akr (E.,,/E,..) b 

where q a proportionality constant for the dispe) 


sion scale employed 


BOND AREA VAN orn WAALS RADIUS 
k the fraction of oxygen on the carbon surface 
the ratio of the areas of carbon-polyme) 

. attraction and carbon-carbon attraction 
kr is a constant for any one carbon black 


dispersion 


+ D(sec"') (Please turn to page 62) 


- 
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ulk Compressibility of Polymers 


At Fabricating Temperatures 


B. Maxwell and 


Princet 


... molding cycle and part weight are influ- 
enced by the compression of the melted 
plastic due to hydraulic pressure during in- 


e n the injection molding of thermoplastic materials 
the polymer granules are subjected to heat and pressure 


to plasticize the polymer and it Into a cavity cde 


signed to give the to the finished iten 


desired 
Many studies have been made of the process and machine 
variables involved in this operation. Some studies have 
been made of the properties of plastics at the various 
conditions in this fabricating cycle but the literature con 
tuins little 


volved on. the 


information on the effect of the pressure i 


yroperties of the wlymer melt and. the 
I por) 


properties of the finished iten 


\ large part of the pressure exerted by the iInjectio! 
rum is used to overcome the friction of moving the cold 
granules down the heating cylinde 
iscous retarding fore: 


sure takes place in overcoming the 


of the molten polymer as it flows through the nozzle, 
sprue, runners and gates. Gilmore and Spencer (1) have 
shown that the injection pressure may be less than one 

half the machine pressure. Nonetheless, pressures up to 


10,000 psi are encounters din injection molds 


Effect of Compressibility 


If, as studies have ndicated (2) (3), the 


polymer melt is highly compressible then careful con 


previous 


sideration must be given to the effect of this compress! 
bility in the design of fabricating equipment and cycles. 
In the injection cycle, as the polymer melt flows down 


runner to the mold cavity gate it is subjected to a hydro 


static compression due to the oppesition of the viscous 
retarding flow and the applied foree from the injection 
ram. When the stream meets the gate a further restri 

tion to flow is encountered. If the melt is compre ssible and 


if this compressibility is elastic, the material passing 
through the gate will want to expand to its normal vo 


ume. This sudden expansion may cause 
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jection. The extent of this effect 


the kind of plastic being molded. 


(Once through the zg e tne terial no longer unde 
restrictive force and will fill the old with that 
material required for the volume at the temperature 
the mold. If the injection pressure is maintained on th 
material in the cylinder after the mold cay t\ full and 
if seal-off does not occur immediately at the gate, ther 
additional material will pass into the cavity. If) th 
jection pressure is removed before the gate freeze the! 
back-flow will occur in accordance with the « stic ore 
covery of the bulk compressibility of the melt. If se 
off occurs before this recovery is complete a residual pre 
sure will be left in the mate) nthe mold 
Thermal contraction as the material eools dow) 
reduce this residual pressure. If the residual pressut 
seal-off was not too | gh, und the thern contract 
great enough, then the residual pre ure Vy reach 
before the old is opened 
The properties of the finished iter uch us ae t 
residual strains and craze resistance (4) |} e been four 
to be most sensitive to the phenomena sociated with ft 
packing of the mold Cavity on ditfieultte ine | 
dependent on the residual pressure in the mold after tl 
item has cooled 
Fron the above t becomes apparent that the bu 
compressibility and the recovery from compression ch 
cteristics of polymet it the temperature n the mol 
are fundamental information for proper operation 
Apparatus 
To study these characteristics, apparatu Phar 
n Figure 1 was prepared. Molded specimens, three inche 
long and one-quarter inch in diameter, were placed in th 
eylinderical cavity (A). The plunge) r forees (B,) 
each end of the cavity were ground and pped to tl 
closest possible freely-moving fit in the eyvlindrical « t 
A tolerance between the cavity and plunger which re 
sulted in an essentially airtight seal could be easily o 
entyu ‘ t 


varies with 


‘ 
i" 
| 
| 
‘| 
wit 
nee: 


ig 
j 
tained, The ends of the plungers were mounted in. re 


ible louding heads (C.C) and the whole upparatus 
laced between the cross-head and platen of a Baldwin 


Southwark, OOO pound capacity, universal testing 


Klectric heating bands (D,D) were secured around 


thie two halves of the eavitv bloeks and the temperature 


LL 


>, 


RX 


FIG. | 


Figure 1. Schematic drawing of compression apparatus. 
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Figure 2. Pressure-volume change curves for various 
plastics. 


it the inner surface of the cavity is Measured by 
thermocouples (E,E). Temperature control was maintain 
ed hy manual adjustment of the oltagwe applied to the 
heating bands. In view of the large mass of metal i 
volved no difficulty was encountered in maintaining cor 
stant temperatures, 

The length of the sample as it changed under the 
ipplication of pressure by the testing machine was «de 
termined either by readings of the 0.0001 inch dial gage 
or by a variable inductance transformer type strain gage, 
wated to determine cross-head motion of testing machine 


ind reeording on the chart recorder f the universal teste) 


Typical Test Procedure 


\ typical test procedure was as follows: the spec 
men was machined to a three inch length at room temp 
erature and placed in the cavity. The apparatus was 
ussembled and placed in the testing machine. The heating 
voltage, adjusted by a variable resistance, was turned 
on and the apparatus brought to equilibrium at the de 


to 


sired test temperature. The specimen was allowed 
expand during the heating-up operation. 

Upon reaching equilibrium the universal tester Was 
adjusted to give the desired rate of compression of the 
specimen. Data on change in length vs. applied pressurs 
were taken during the loading and unloading of the spec 
men. The same rate of change in length was used for 
both loading and unloading, with no delay between the 
two halves of the test. 

In order to cover all conceivable pertinent pressures 
an upper limit of 24,000 psi was selected with the thought 
in mind that with elimination of friction losses in th 
conventional type of injection machine such pressures 
could be obtained in the mold. Temperature ranges selec 
ted were those thought to be most typical for the material 
found in the mold cavity. This range was taken to bi 
from 400°F down to room temperature. It should be borne 
in mind that although injection cylinder temperatures may 
be higher than this the material temperature during pack 
ing and backflow in the mold is cor siderably reduced du 
to the cool mold walls. 


Results and Discussion 


Figure 2 shows the bulk compressibility of various 
plastics at 350°F. The horizontal ordinate is the chang: 
in length over the original length of the specimen at 
room temperature (75°). This ordinate is analogous to 
engineering strain and wus thought to be the most con 
venient form in which to present and use the data, The 
vertical ordinate is applied pressure in pounds per square 
inch. With this system of ordinates the dita may b 
thought of as engineering stress-strain curves. 

It is immediately apparent from these data that thes 
materials are highly compressible at this temperatur 
Polystyrene and methylmethacrylate exhibit moderate com- 
pressibility while polyethylene and cellulose-acetate show 
a density change of approximately 1° for each 1000 psi 
pressure. It is also apparent that no single bulk modulus 
can be assigned to each material. That is, the relationship 
between density and pressure is non-linear and shows 
varying slopes. In view of this non-linearity the practical 
problem of understanding and controlling the packing 
of the mold cavity becomes more complex, but these data 
may be immediately useful in explaining the variations 
in packing times and pressures found to be needed for 


these materials. 
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\ «te study press Ss. pressure 
ous te Der ire WOOLY Vrenrie = Wr ? Figure 
\t 180 temperatur definitely the glass 
transition in this material, an essentially linear, high bulk 
odulus s found As the te perature of test is increased, 
greater amoutl of compressibd is observed, his con 


wressibility appears to be made up of two parts, one witl 


ipproximately the same slope as that found below the 


glass transition and another, nearly linear slope, of mucl 
ower value. As the temperature is Increased more of the 
low modulus compressibility is observed and less of the 
gh modulus response. Above the melting temperature 
(approximately 290°F) none f the high modulus be 
ivior is observed. The non-uniform spacing of the curves 
along the compressibility axis is a retleetion of the volume 
temperature changes taking place at the glass transitio) 
ind me It nye 
Two Types of Distortion 
These data ndieate that easonable Hypothesis fon 
the mechanism of these compressions would include two 
types of structural distortions, one associated with the 
glassy rigid structure and one associated with the rub 
bery structure. This second one ilso seems to be very 


similar to the con pressive rigid tv of the molten polymer 
(above 290°F). It is somewhat surprising to find that the 
behavior associated with the glassy state persists all the 
way up to the melting point and that at temperatures 
the rubbery region only a_ limited mount of the no 
glassy response takes place. 

Con plete hyste resis curves for polystyrene at 270° 
ind 290°F are shown in Figure 4. At 270°F we see a large 
deviation between the loading and unloading curves. This 
hysteresis appears to persist in the unloading curve until 
the point on the loading curve ts renched where the dig! 
nodulus compressibility takes place. As the pressure 1s 
reduced below this point the hysteresis rapidly disappears 

? 


so that there is no residual compression at zero 


On the other hand at 290°F the hysteresis at the be 


pre ssut 


ginning of unloading is not as great, Indicating a more 
elastic recovery, but when the pressure Is reduced 
Zero a residual compresslo! or density Increase rema 

This indicates that if the material enters the mold at 
the recovery 


290°F or above and is placed under pressure 


from compression will not be complete upon removai 
the pressure if the temperature is above the melting 
point. That is, different back-flow characteristics will be 
found, depending on the temperature, 

Another aspect of the compressibility of polymers 
vorthy of attention is the question of the time depe ndenecy 
of response. McKinney, Edelman and Marvin (5) have 


studied the visco-elastic nature of small 


icon pressions and 
found them to be time dependent. In view of 
these studies at large compression, consideratior 


riven to this question. 


Compressibility Curves 
rves of polystyrent 


Figure 5 shows compressibility cul 
(; were taker 


and 0.0036 In. min 


at various rates of compression. E, kK and 
at 3OO°F at O.31 in. min., 0.05 in. min. 


respectively. and 


0.36 ing min., 0.06 in. min. and 0.0060 11 mit respectively 
As would be ‘ xpected fo. SC last terials the con 
pressibility Is a time dependent function. The faster the 

ite of application of compression the smaller the amount 


ure Phat is, it takes 


compressior at anv give! pressu 
tine fo. the st? icturul change ssociuted with con 


essibility to take place. It is interesting to note o 
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D were at 250° F at 0.81 In./min., 
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Figure 3. Pressure-volume change curves for polystyrene 


at various temperatures. 
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Figure 4. Compression hysteresis curves for polystyrene. 
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Figure 5. Effect of rate of pressure application on the 
compression of polystyrene. 
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imve bove the melting point, that an increase in rate 
compression causes a gentle rising of the curves and 
change in shape toward that found at lower temp- 
erature (Le. no appearance of the glassy type response). 
ry bservation is contrary to the usual hypothesis that 


! ncrease ! load ng rate acts like a decrease in temp- 


At 250°F a somewhat different type of behavior is 


Roe observed, As the rate of compression is inereased the 
ee break in the slope of the curve appears at lower pres- 


a ire Th ; more of the high modulus type compress! 
tv. This is in accord with the usual correlation betwee 


is ite of straining and temperature. 

€ These changes in the compressibility with rate of 

ipplication of compression have an important bearing 

iain on the packing of the mold. If the mold is filled 
pidly and pressure rapidly transmitted from the in- 


ection ram to the material in the cavity then less com 
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Figure 6. Pressure-volume change curves for polyethylene 
at various temperatures. 
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Figure 7. Effect of rate of pressure application on the 
compression of polyethylene. 


Thirty 


pression will take place, but if the pressure Is maintained 
on the material further packing will take place as the 
time dependent structural changes occur in the polymer 


Large Change in Volume 

In Figure 6 data at various temperatures on the 
compressibility of high pressure polymerized polyethylen 
are presented, Since this material exhibits a large change 
in volume with temperature the data have been corrected 
for the zero pressure expansion with temperature. That is 
the horizontal ordinate is change in volume divided by 
the volume at zero pressure at the test temperature. At 
200°F the compressibility is a smooth curve of continually 
increasing slope, but at 225°F an inflexion appears giving 
at low pressures a downward curvature to the plot and 
then an upward curvature. A 250°F and 275°F this h 
flexion is also observed but at higher and higher pres 
sures, At 300°F the inflexion is not observed within ou 
pressure range. 

Such an inflexion is an indication of a change in the 
mechanism of the compressibility. It is proposed that 
this phenomenon is a pressure induced crystallization, This 
hypothesis is based on the following: at 200°F the crystal 
line structure of the polymer has not been melted out, 
but at 225°F some crystallites have melted and upon 
the application of pressure repacking in the dense) 
crystalline state takes place. As the temperature Is raised 
(for example to 250°F) more crystallites have been melt 
ed and due to the higher temperature the chain mole 
cules are in a greater state of tnermal agitation, Hence, 
in order to produce the closely packed crystalline struc 
ture greater pressure is required vercome the disasst 
ciating forees of thermal agitation, As the test temp 
erature is further increased the disassociating forces be 
come too great for the applied pressure to evercome and 
the compressibility characteristics are those of the tru 
melt. 


Effect of Compression Rate 

The effect of rate of compression on polyethylene at 
240°F is shown in Figure 7. As shown by the curves at 
0.004 in. min. and at 0.064 in. min. the inflexion point a 
the inception of pressure induced crystallization rises 01 
the stress scale as the rate of compressing increases, 1n 
dicating that the crystallization is time dependent. That is, 
it takes time for the chain molecules to move under the 
effects of thermal agitation into proper alignment fon 
crystallization. On the unloading cycle (shown only for 
the 0.004 in./min. curve) the melting out of the crys- 
tallites as the pressure is reduced takes place at a lowe 
pressure than that at which they were formed. The posi- 
tive forces holding the crystallites together must be 
evercome by thermal agitation. The highest rate of load 
ing curve (0.35 in./min.) indicates that when the rate 
of increase of pressure is fast enough, time is not per 
mitted for the crystallization to take place and an appeat 
anee of greater incompressibility is given. 

These data indicate that in the practical problem of 
injection molding consideration must be given to the pos 
sibility of compression stress induced changes in state. 
If the packing of the mold cavity takes place at a temp 
erature where pressure induced crystallization can occur, 
a greater density will be found in the molded item. ©1 
from the opposite point of view, mold shrinkage and bet 
ter dimension control could be achieved by intentionally 
causing pressure-induced crystallization, and maintaining 
pressure until the material has cooled. There is an inter 
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retatior betwee? tne ressure, temperature nd rate 
compression which must also be considered 
In view of the considerable interest in the industry 
today, specimens of a high qaensity polyethylens were 
studied This linea} polyet! viens shows the isual nflex 
on points It the volume-temperature curve associated 


vith highly crystalline polymers as shown in Figure 
These data, taken at essentially zero pressure, indicate 


ow temperature thermal expansion followed by a regio 


if high thermal expansion at about 260°F associated wit! 
the melting of the crystallites and then an essentially 
linear thermal expansion of tl t 
Resistance to Compression 

In view of this volume-temperature bel on nal the 
previously presented pressure-compressibility data on co! 


ventional polyethylene the data presented in Figure 
on the compressibility of high qdensity polyethylene ure 
not surprising. These data ure corrected for zer pres 
sure thermal eXpansior At (that s, below the 
temperature of the melting of the crystallites) the ma 
terial exhibits a rather high resistance to hydrostatic con 
pression. But at 260°F a large compression takes place 


at a low pressure, indicating «a much greater pressure 


induced crystallization than that found in conventiona 
polyethylene. As the test temperature 1s increased the 
pressure at which crystallization takes place also it 
creases for the same reasons us given above At 340°) 
not sufficient pressure is available to overcome the thet 
mal agitation preventing the formation of crystallites, 
hence when corrected for thermal expansion the curve 
indicates a rather high resistance to compressior 

From these data we must conclude that the pressure 
induced change in state in high density polyethylene ts 
even more critical to the molding operation than in the 
case of low density polyethylene. This of course is not 
surprising in view of the current picture of the structures 
of these materials. The high density (low pressure poly 
merized) material, having few if any branches on_ the 
chains, is capable of forming greater amounts of erystal 
line material. 

The time dependency of this pressure induced change 
n state is shown in Figure 10. A specimen of high density 
polyethylene was heated to 300°F and compressed 10% 
as rapidly as possible. Then the stress required to hold 
the compression constant was measured as function of 
time; that is a stress relaxation test In hydrostatic con 
pression was performed. From the curve we see that 
stress at first rapidly decays. That is, the resistance t 
the enforced compression is reduced as the amorphous 
material crystallizes, producing some material of smal 
specific volume. This crystallization continues to pr 


gress with time at a diminishing rate. After about 10,000 


seconds under the compressive strain, the stress ap 
proaches that found the 00°F compression test of 
Figure 
Effect on Density 

In view of this behavior it becomes apparent that the 


umount of material in the mold cavity and the tempera 
ture and pressure vs. time characteristics of the molding 
eyele will have a pronounced effect on the density o1 
crystallinity of the finished molded item. One wonde 
f it is not possible to produce material of still higher 
density in the case of the linear polyethylene. 
To test this, a specimen was heated 
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Figure 8. Volume-temperature curve for high density poly- 


ethylene. 
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Figure 9. Pressure-volume change curves for high density 
polyethylene at various temperatures. 
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Figure 10. Bulk compression stress relaxation test on high 


density polyethylene. 
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igure 11 ho i comparison of the real elasti 
odulu nd loss faetor of the O.975 and 0.950 density 


unction of testing frequency as determined 


od previously described (6) (7). The nominal 


{Tr f the conventionally molded linear polyethylene 
by ASTM test D747-50 is 140,000 psi. This cor 

espons t the frequency value found for the 
tou densitv materia n Figure 11 As the test fre 
ney nereased the modulus rises in the conventional 

ilue of 275,000 psi at 100 evele Ss per seco? d 

density material exhibits a real elastic 

iu rie til Trequencies or time scales of testing 


int amount higher than that of the 0.950 density 


ute Increasing the density of the linear polyethylene 
Yio by mechanical manipulation produces a material 
tie modulu high 845.000 psi at a test 

ney of eveles per second 


Result of Change 


It nteresting to note that this change in density 

doe net change the shape of the modulus vs. frequency 
irve but shifts it vertically on the modulus seale. This 
hiesate that the mechanism of the time dependency of 
the modulu s the same for both specimens. This obse) 


confirmed by the shape of the mechanical loss 

cto eurve There is no indication of a shift in the lo 
cation of the peak on the frequency scale. It is noted that 
the magnitude of the peak in the loss factor curve is less 
for the (.970 material indicating that there is less ma 
terial present in this specimen to give rise to this loss. 
Sines there must tv more erystalline material the 


WOT des ty specimen in order to give it a greater den 


t there ust be less amorphous material bye tween erys 
lites. We are led to the conelusion that the modulus 
0975 


300000} > 30 


0950 


200000 


— PSi 


LOSS FACTOR —— % 


8000 001 or 10 100 
FREQUENCY —— CPS 


Figure 11. Dynamic mechanical properties of 0.950 and 
0.975 density polyethylene. 


; 


nuaterimals dependent 
ture, and density changes ! 

stiffer materials due to the red 
imorphous material present. Tl 


the erystalline material will not 


on the amorpho 


Ss stru 


} 


this range only produc: 


iction of the amount of 
le «elastic properties of 


be l evidence as long 


is any amorphous material is present. 


Conclusions 


The following general conelusions pertinent to the ip 
| 


ection molding oft polymers 


vork 


2. This compressibility vari 


the next and in all cases has beer 


3. In amorphous polymers. s 


vy be drawn from. this 


ompressible. 


from one material tt 


found to be non-linear 


uch us polystyrene the 


compressibility is made up of two parts, one associated 


th the glassy structure and 
rubbery structure. 

4. In crystalline polymers. si 
compressibility is affeeted by a 
of state. 

The amount of pressur 
ethylene polymers is dependent 


branching in the polymer, 


6. In all cases the compressib 


one associated with the 


ict us polyethylene the 


pressure induced ehar we 


nduced erystallinity ! 


on the amount of ehai 


lity of plasties is found 


to be depe ndent on the rate of con pression. 


7. All of these factors indie: 


te that careful consid 


«i lt 
eration must be given to the bulk compressibility of the 


melt in designing injection moldi: 


g equipment and cycles. 


Among the factors affected by the compressibility are 


density of the final molded item, 
nold and the mechanical propert 

8. It is possible to produce e 
the «de nsity of crystalline polymer 
pressure manipulations. 


residual pressure in the 
ies of the molded item. 
onsiderable increases i 


s by proper hydrostatic 


9% The more crystalline material present in ethylene 


polymers the greater the modulu 


nerease in modulus is due only to 


phous material between crystallite 


s of elasticity but this 
the decrease in amor 


‘ss and not to the prop 


erties of the crystalline structure itself. 


10. Since the polymer melts 


isco-elastic consideration must be 


compressibility upon application « 
but also to the rate application o 


of recovery from compression. 
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Introduction 


he advent of thermop cs 

first truly structural app tion of t 
volume. It is still the largest single 
In reinforced thermosetting plastics 
tural uses are more predominant an 
volume. These comments are d etl 
thermoplastics in the forn f pipe, 
izations can be used to include woth ¢ 

Unfortunately, in the initial ap 
pl tics Tor pipe ! { 
available for the design enginee? 1 
This type of data on plasti till « 
of a 2 to 1 safety factor based o1 
test Was a common practice n the 
thermoplastic pipe. The result 
known. In numerou t ‘ , 
owable working stresses ere Ca 
ed The results lid 
t not been for the fact that roe 
applications had additiona 
conditions that added measu \ 
failures from over-rating were (1) 
temperatures re! is t} 
and (2) back-fill on underg ind p 
distribute localized overstre ng 

As more critical applications «ae 
more reliable data was recog ed 
piping in the chemica ndust. 
represent about Zo per cent ei t 
more emphas the deve 
plastic pipe ndustt 
and creep-strain dat econ 
Pipe S \/ 
f¢ 
SPE JOURNAL, Februa 97 


H. W. Kuhlmann 


Battelle Memon frat 
of thermoplastics in pipe ane ther tructura ipplieat 
can be made. However, unt 1] ita are universally 
avaliable, emp cal approache vit! iequats fa 
tors must be used 
ise In pipe Was the 
tructural application No Short-Time Methods 
oweve ther struc 
i thus ¢ a ing The accun ilation of nge-tern lata tin nsul 
related to the us ng and costly. Unfortunately, 1 hort-time met] ire 
rit! ig) the genera Known that will accurately predict long-term propert of 
ategories materials. Several relation based on te-proc 
theorie nave beer propo ed for bot} ist lon 
niications ti rm The motals ndustry, hecause of it onger } 
engineering teat of the AStICS field ! appiving thesc theorv 
in application inderstandable, but the plastic ndustry cannot 
lite meage! The use if ntend to compete where plastic ire 
the short-time hpurst hette? “ited Long creep 
early applicat ns of must he pro ded for anv plastie t it ntended for tru 
Ss practice ire We 
applicath 
i! ‘ Sti¢ i 
ited, Ta ine le The magnituce the probtien nereased further 
t is had the fact that these data lld be available f nurmbe 
number of the early of media. While air and wate) re renera d f 
afety factors. Two testing, the corrosion-re tant propertr f 
ty the reductior crense the demand to?) rupture ind data 
the fact that other media. Stre erach i \ tre ‘ 
in test temperature polvethviens nthe presence of detergent i factor t it 
peline served to re must be reckoned witl Sines il f the factor nvolved 
are both time and temperature dependent ist how ear 
the materia manulacture? the fabricator the 
. ped, the need fon umer ascertain which matenra r pepe vest f 
The application both economic vy and structurally? J 
piping nd of test can be made nformative 
‘ ‘ 
- Test Methods 
Burst Pressure 
TI test the est 1 
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DuPont Pigments add beauty... pract 


a. 4 
paper weify Du Pont Tt-Purt fitanium dioride pigment to add brightness and oparity . . . just r fy nh pecity 
4 


NATURE’S COLORS ARE RIVALED BY DU PONT PIGMENTS 


ost of nature’s brilliant colors can be dupli- 
M cated. But, in plastics, the working proper- 
ties and processing characteristics of pigment col- 
ors are also extremely important. And so is per- 
formance. Because Du Pont Pigments offer plastic 
manufacturers a combination of these properties, 
they are widely accepted for use in plastic and 
rubber applications. 

Consider Du Pont ‘‘Monastral’’’ Greens and 
Blues, for example. These pigments offer superior 
resistance to crocking and migration in all shades. 
In addition, they are the most lightfast and chemi- 
cal-resistant of all organic pigments—they also 
have outstanding resistance to heat. ‘‘Watchung”’ 
Reds also have outstanding resistance to migra- 
tion, heat and crocking. 

But that’s just part of the story. The pigments 
you use must disperse easily ... assure you of 
ease in processing and dependable performance 
in finished products. 

Call on your Du Pont Pigments representative 
to assist you in your pigmenting problems. Du Pont 
has an extensive background of technical experi- 
ence in the plastic and rubber fields. E. 1. du Pont 
de Nemours & Co. (Inc.), Pigments Department, 


Frequent checks confirm the high batch-to-batch color 

. . ‘ ‘ uniformity and dispersion characteristics of Du Pont Pig 

These high-quality Du Pont Pigments will give you ments. Here, a pre-production sample of vinyl sheetin 

the colors and properties you require. containing 0.1°, ‘‘Monastral’’ Blue B BT-380-D and 1.0 
‘“Ti-Pure”’ titanium dioxide, is compared with a specifica 
Green-Gold Chrome Yellows tion color standard. Du Pont *‘Monastral”’ Pigments ar 
—Durable Organic Yellow Shading Yellow widely used in many plastics products requiring top 


resistance to light, heat and migration. 


MONASTRAL’ Blues and Greens TI-PURE® Titan’um Dioxide 
“Ramapo” Blues and Greens Benzidine Yellow 


— Molybdate Oranges “Watchung” Reds 


to fine products everywhere arernror 


BETTER TH!NGS FOR BETTER LIVING... THRC 7H CHEMISTRY 


| 
4 
} ‘ . 
>. 
\ 
‘ 
id 
| 
d 
LIND 


a uniform rate of loading. However, it has the equiva- 
ilue of a tensile test which, for structural plastics 
unsatisfactory. To illustrate the difference 

veen metals and plastics, it is only necessary to con- 
the useful temperature range of most thermoplastics, 


60°C, Metals generally exhibit elastic behavior in 


range and, therefore, design can be based on short- 
time tensile data, However, most plastics under a stress 
that is small compared to the short-time tensile strength 
A continue to deform and eventually fail. This is due to 


the fact that, in the temperature range considered, thermo- 
astics show at least three types of deformation. The first 
nstantaneous and is generally considered to be truly 


astic and instantly recoverable. The other two are time 
dependent and may lead to irrecoverable deformation or 
et. These two can be illustrated with Max- 

dels: (1) with a spring and dashpot in series 

(2) with the spring and dashpot in parallel. Con- 
test must be used that can evaluate these 
dependent faetors which a burst (or tensile) test does 


Stress-Rupture Test 

The long-time stress-rupture test is the only reliable 
one known for determining the long-time serviceability of 
extruded plastic pipe in the present state of the art. This 
test consists of applying an internal pressure on a pipe 
ecimen under controlled conditions (temperature and 
medium) and determining the time-to-failure and possibly 
he creep strain. By successively lowering the stress, time 

rupture data are obtained which give straight lines 
vhen plotted on log-log or semi-log graph paper. Extrapol- 
itions can be made for some thermoplastics for one cycle 
r possibly longer from test results in the 100 to 1000-hour 
range. However, the conducting of such tests as a routine 
practice is impractical. 

Long-time stress-rupture and creep data should be 
available on every thermoplastic material that is intended 
for pipe application. If such data were available, the fabri- 
cator and consumer could determine the effect of subse 
quent processing, and quality standards for pipe could be 
developed more rapidly. 


Other Tests 
Other tests that have been considered include fatigue 
hock tests (to simulate water hammer), and proof 


ting. Proof testing has been indicated to be a limited 
ercial practice. However, unless limits for this test 
ibstantiated by stress-rupture data, little justification 


be seen tor its use. 


Status of Plastic Pipe Standards 
Several organizations are currently working to de- 
velop standards for the plastic pipe industry. These in- 
id ASTM-SPJ, ASA, C.G.S.B. (Canadian Government 


Specification Board) and others, both governmental and 


governmental. 

The ASTM-SPI groups are presently working to de- 
velop both burst-test and stress-rupture test methods as 
well as to set size and performance specifications for poly- 

styrene base cellulose acetate-butyrate, and poly- 


de pipes 


An acceptable standardized burst-test procedure, 


while generally recognized to be of very limited value, is 
yr developed because number of people still feel it is 
some usefulness ir yuality control practices. There is 


considerable argument against the inclusion of this method 


as an ASTM test procedure because, by so doing, greate 


stature will be given it than its value dictates. 


The work in developing a stress-rupture test method 
is progressing satisfactorily. An acceptable procedure 
should be forthcoming by the time of the next annual 
ASTM meeting. The interpretation and application of the 
data from this test is another matter. 

What are the problems encountered in running these 
tests? What are its limitations? How can the results best 
be interpreted? The answers are not all simple, particu 
larly to the last question. 

(1) The primary problems that exist in running the test 
are: 

(a) Selection of number of specimens to represent a 

lot of pipe being tested 

(b) Measuring physical size of specimen, e.g., deter- 

mining wall thickness 

(c) Selection of temperature and pressure controls 

that operate accurately over long-time intervals 

(d) The physical problem of handling a large number 

of specimens. 


(2) The limitations of this test method are: 
(a) Time 
(b) The next to impossible task of conducting the 
test in every media intended for use 
(c) Its unsuitability in its present form as a quality 
control method. 


Application and interpretation of results. 


3 
This is by far the most difficult problem of the 
entire testing procedure. In applying the results of 
this test to design work, the practice used by the 
Germans for PVC appears to be the safest, at least 
until accurate constants based on rate process theories 
can be established. The German procedure consists 
of determining the stress required to cause failure 
in 1000 hours over the useful temperature range. Then 
a 4 to 1 safety factor is applied to this stress to de- 
termine the maximum allowable working stress. 
Interpretation of data from = stress-rupture and 
creep-strain tests, based on rate process theory, has 
been advocated in the testing of metals. The Arrhen- 
ius rate equation: 
r Ae—Q RT 
is the basis for the Larson-Miller parameter, 
K T «(C + log t), where constant C »() for most 
s one of the prime 


metals. This value of C, however, 
reasons that the Larson-Miller parameter is chal- 
lenged; e.g., this value of C far overshadows the de- 
pendent variable, log t. However, at least two investi- 
gators have applied this expression to the testing 
of plastics and have shown it to have reasonable 
adaptability. Other methods have been proposed for 
the interpretation of stress-rupture and creep data. 
These include a time- and temperature-dependent 
modulus concept and equations based on theory of 
visco-elasticity. These may be useful for precisely 
prepared specimens on which accurate strain meas- 
urements can be obtained, but it is difficult to see 
how they can be applied to a test that uses a section 


of pipe as a test specimen 


However difficult the task n uy seem, real progress 
is being made and it is hoped that in the not too distant 
future, design curves for each type of material in the 
form of pipe will be n ude available to the engineers who 


need such data. 
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Influence of Process Variables On... . 


Shrinkage of Moldings of ‘Teflon’ 
Polytetrafluoroethylene Resins 


F. M. Chapman and L. T. Bunn 


/ tede Ne ‘ & ( ly 


N A MOLDING PROCESS the control of dimensior Results of the Experiments 


s likely to be of paramount importance, This is because s« 
many molded parts are now used n precisior ppl eations l The portant proce vit 
vhere close dimensional limits are necessary wir effect on shrinkage re preform pre ur ccou 
As a result this study was undertaken to establisi ng for about 50 of the tota rist n dimer 
the relative effect of processing variables in = molding cooling rate, accounting for 25% > and ntering rie 
“Teflon” tetrafluoroethylene resi ! rder to provide ounting f ibout 15 Dwell time nd heating 1 
guidance in controlling dimensions. A secondary objec r effect vl ri wed dy nifien? 
tive was to develop technique for caleulating mold d fect 
mensions in order to produce articles of the required size 2. A set of curves | been developed whiel nhable 
The process for molding Teflon involves filling the designer to predict mold shrinkage. Thus the probl 
nold cavity with the correct amount of powder, applying if mold design has been greatly simplified 
pressure to compact the material into a preform, remo The duta show that 1 dime oe perpendicu 
ing it from the mold, heating it in an oven to a temper: 
ture of approximately 720°F and then allowing it 1 nch may be biet whereas parallel to the direction of one) 
cool to room temperature. This, in brief, is the procedure 0.010 inch “ 
followed to produce the moldings sed this study, I sible. Thess values ine based on » Sigma timit t} 
order that the results would have practical value, a flat 99.7% of the parts will be within these tolerance r 
annular shape and a chevron ring were molded becauss vas observed that room temperature must be maintained 
they are typical of so many shapes molded of Teflor Sebel 
Using these shapes, the influence of six process variable 
mn thickness, O.D., and LD. s measured. These variable 
were: rate of applying preform pressure, preform pres 
sure, dwell time, rate of heating, e interval at the sir 
tering temperature, and rate of cooling. Teflon 1 granu 
lar powder, the type used fon st ldings, s used 
to produce the major portion of the test specimer Tefl 
and Teflon 7X, two special purpose 
vere scouted in order to provide some guidance ith re 
spect to the effect of process Val ables ! old shrink 
ige. To minimize the number of tests eto? expel 
ment was designed, and all data wer nalyzed statis 
tically 
ry le? 


Du Pont re agistered frade nid 
resin. 
Type 1 as proposed by ASTM Sub-Ce tte 
D-20 Section 15-1! 
[1)-20 Section 14 TAL MOLDING 
Tec nical ('ontference 
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AND RECORDING EQUIPMENT 


FIGURE 2 


AUTOMATIC PRESS» 


MOLD DIAMETER - 2.006 inches 


0 060 SINTERING TIME - 3 hours 
RESIN “TEFLON” 1 
1906 0050— 
z 
« 
= = 
ray z NG 
F 00301 
z 
z 
1966 00204 
2000 coo 4000 $000 6000 
PREFORM PRESSURE 
EFFECT OF PREFORM PRESSURE 
ON MOLD SHRINKAGE OF OUTSIDE DIAMETER 
FIGURE 3 
0 MOLD DIAMETER - 2.006 inches 
SINTERING TIME 3 hours 
: RESIN TEFLON” 1 
z 
1926 
> 
1946 00304 
° 
z 


T T T T T 
25 65 10s 45 


COOLING RATE °F /hour 


EFFECT OF COOLING RATE 
ON MOLD SHRINKAGE 


FIGURE 4 


Experimental 


Molds, Molding Equipment and Techniques 

Three different shapes were molded in this program, 
an annular flat ring, a chevron packing and a one incl 
cube (Figure 1). The majority of these data were ob 
tained with the flat ring mold while corroborative data 
were obtained with the chevron packing and the cube 
The LD. and O.D. of the ring and packing molds were 
purposely made identical in order to check the effect of 
‘varying” the cross-sectional profile on mold shrinkage 

The preforms for these two shapes were made or 
in automatic preform press (Figure 2). In molding the 
one inch cubes the preforms were made by it procedure 
used commercially when molding articles with a thick 
cross-section. 

Automatic preforming Was Used in the main since 
the preforming variables of pressure, ram speed, and 
cycle time could be dependably controlled over the range 
f variation involved in the experiments. In the opera 
tion of the automatic preforming press, powder at room 
temperature drops from a shuttle box into the mold 
cavity and then the shuttle box retracts. The resin is 
compressed by the top and bottom punches. After the 
top ram withdraws, the bottom ram lifts the preforn 
out of the mold cavity. The preform is transported to 
the platen edge by the action of the shuttle box as it 
begins another cycle by moving over the mold cavity. 


Instrumentation 
The preforming conditions were carefully controlled 
und the preform pressure, ram speed, and dwell time wer 
recorded continuously. These readings were checked fre 
quently by making independent measurements of process 
variables. For instance, preform pressure was checked by 
means of a Bourdon pressure gauge, as shown in Figure 


After preforming, either automatically or manually, 
the pieces were placed on trays and free sintered at 720°F 
*10°F in an electrically heated, forced draft oven. The 
cooling cycle was also carried out in the oven because 
the rate could be accurately controlled through the use 
of a program controller. Again an independent check of 
this variable was made using thermocouples located at 
six points in the oven and these temperature readings 
were recorded continuously. 

An important phase of the program, of course, was 
the measurement of dimensions. Readings were made 
using a dial gauge micrometer, telescoping gauge and 
micrometer calipers. The measurements obtained with 
these instruments were checked with an optical measur 
ing system in order to verify the data and eliminate the 
possibility of an erroneous reading due te compression 
of the pieces caused by the pressure of the calipers. Values 
agreed very well and the data obtained are considered 
accurate to inch. 

For the data to be of practical significance all the 
test specimens in this work were molded under condi 
tions yielding good quality pieces. One good measure of 
quality is density and these specimens covered an accep 
table range of 2.12-2.18. Inasmuch as the thickness of a 
molding is mainly dependent on the amount of powde) 
placed in the mold, all thickness dimensions have been 
corrected to a weight of 33.177 gms 


Experiment Design 
As mentioned previously, a factorial experiment 
was designed in order to check the effect of individual 
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0060 44 MOLD DIAMETER 2006 inches 
a PREFORM PRESSURE 4000 psi 
906 § 00504 
926 
< 
: 
sae 
= 966 «6 
T 
NIERING TIME . HOURS 
EFFECT OF SINTERING TIME 
ON MOLD SHRINKAGE OF OUTSIDE DIAMETER 
FIGURE § 
variables, involving 144 combinations of the process vai 


ables at the followin g levels 
Variable 


Preform Pressure, ps 


Experimental Levels 


4000, and 5600 


Cooling Rate, °F hi PR, 87, and 170 
Sintering Time, hi 1 and 

Dwell Time, sec. 2.5 and 11 
Heating Rate, °F hn 170 and 275 


Ram Speed, In. mit 

The dimensions of articles molded under the vari 
ous test conditions were plotted to obtain curves showing 
the relationship between the major variables, preforn 
pressure and cooling rate, and the final dimensions (Fig 
ures 3, 4 and 5). For each relationship the other fow 
process variables were held at one experimental level. 

A statistical analysis of the data indicates that the 
data are highly significant; in other words, the measured 
dimensional differences are real and there is very good 
agreement between the regression equations developed 
and the experimental data. These equations provide the 
values for plotting the curves used for mold design (Fig 
ures 7 through 12). As a result it is possible to predict 
the dimensions of other shaped pieces when molded 
using process variables within the range of our work. 


Relative Influence Of Process Variables 


On Mold Shrinkage 


The relative numerical significance of each of the 
process variables on shrinkage is shown in Table I. Thus 
for a specific dimension these values indicate the percent 
of the total dimensional variation attributable to a single 
process variable. This clearly shows that in controlling 
dimensions the important process variables are preforn 
pressure, cooling rate and sintering time. Other process 
conditions had either minor or negligible influence or 
mold shrinkage. To obtain a better insight into the effect 
of the major process variables on dimensions re fer to 
Figures 3, 4 and 5. 

Each of the variables s discussed in detail n tne 
following sections. 

Preform Pressure 

The pre form pressure was varied from 2,000 to 6,000 
psi in order to measure the influence of this variable or 
the dimensions of a sintered molding. The lower pressure 
limit is the practical minimum at which sound moldings 
can be made of Teflon 1; the upper pressure limit was 
selected since at this pressure and above there is esse 


tially no change in density as shown in the paper by 
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SECTION “A- A" 
FIGURE 6. "V" RING PACKING OF “TEFLON 


Thomas et. al. (1). Furthermore, it Is within these limit 
of pressure that Teflon 1 is usually molded 

The effect of varying the pressure is large betwee) 
2.000 to 4,000 psi whereas small changes in dimensior 
occur when pressure is varied through the 4,000 to 6,000 
psi range. This effect can be clearly seen in’ Figure 
which is typical of the shape of the curve for the othe) 
shapes in this study. 

The relatively large dimensional change with varia 
tion in pressure, when at the low end of the pressure 
range, can be explained by considering the void content 
in the preform. In a recent paper, Thomas et. al. (1), it 
was shown that the void content of a piece preformed 
at 2000 ps! imounted to approximately two percent, vhile 
at 4000 psi it was about one-half of one percent. Ther 
fore, increasing pressure in the lower range continue 


to densify the preform until the void content is essentially 


zero. This occurs at pressures above 4000 psi. The etfeet 
of preform pressure on the diameters wa lightly | 
than on the thickness and these results are show? 


Tables I] and III 
Cooling Rate 

This work shows that cooling rate has a signifiear 
effect on shrinkage. and the effect of cooling rate or 
crystallinity and density has been presented in paper by 
Thomas et. al. (1). It was shown in this paper that th 
physical properties of a molded part are related to the 
crystalline content 


Since cooling rate has such a considerable effect 


tne finished piece, Wwe studied it at thre. le vels, The slow 
est cooling rate, 28°F hr. (0.25°C min.) was selected 


since it represents a practical minimum close to a rate o 


0.1°C/ min. which was found (1) to produce moldings of 
Teflon 1 with maximum crystallinity of about 620. Th 
most rapid cooling rate was 170°F/hr. (1.6°C. min.) sines 


the oven could not be cooled uniformly above this rate 
Piece cooled at 170 hr h iVe i cry t illine le ve] of 
ibout (1). 


In Figure 4 it can be een that a variation of 10 
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TABLE | 


Relative Values of Process Variables 
Percent of Total Variation 


l’recess Variable Outside Dia. Inside Dia. Thickness 
} fer Pressu? TO% 
ng Rat 25! 

ne | Negligibl 


) 
) 
egligibl Negligibl Neglhigibl 


TABLE II 


Variation of Thickness with Preform Pressure 


rhickness Thickness 

reform Pressure (2.5 sec. Dwell) (11 see. Dwell) 

LOO 4100 in. i 

ln order to ana vee the role oft pre forn pre wre, ave? 
oe limmer o at three cooling rates were used so that 
Phié of other variable we ercluded, Nee 

re and ] for actual thickness 

\/ f ‘ are adjusted fo vorrect for difference 


TABLE Ill” 


Variation of Dimensions Perpendicular to Pressure 
With Preform Pressure 


reform Pressure 


O.D. O.D. 
(1 Hr. Sintering) (3 Hr. Sintering) 

LOO 1.917 in in. 1.910 in. in, 
ps 1.939 in .786 in. 1.933 in. in. 
ps 1.940 in 7TS6 In, 1.935 in. .784 in. 

These are not actual dimensions but ave rages of three 
lifferent cooling rate so that the effect of pressure can 
aT een clearlu. Nee Figure > thronah 10 for actual 


CONSTANTS 


SPtto 
25°fmin 


WEATING 


fre 


SINTERING Teme 


Time 
se 


MOLO 
2 006" 


aesin 


| bere Pe t VARIABLES ON OUTSIDE DIAMETER 
i 


isandths n inch per inch « e obtained by 
ng the cooling rate Note that the rate of change 
greatest at the slow cooling rates 
Table IV shows the effects of various cooling rate 
specific dimensions of a molded ring. Note that as the 
ngs were cooled more slowly their diameters decreased 
vhile their thickness increased. This apparent anomaly 
= the result of two opposing nfluences on molded d 
ensions. First of all, slow cooling promotes the growt! 
erystals which in turn makes for denser material, 
ence generally reduces all dimensions. On the other hand, 
cooling also relaxes internal stresses. In the case o 
these rings, molding pressure created compressive stresses 
primarily in the direction of the thickness dimension 
When slow cooling permitted the relaxation of thes: 
tresses, which were of greater influence than the effeet of 
erystal growth, the thickness increased 
Another factor affected by cooling rate s the dis 
tortion of the shape of a molded article. In molding tests 
nvolving the one inch cube it was necessary to cool 
rate of 45 F hour or less in order to obtain flat sur 
faces. This effect on flatness was most pronounced i 
cooling from the sintering temperature (720°F) to 550°R 
When a part renehed 550 KF. the eooln yp rate could be in 
creased without any significant effeet on surface flatness 
or dimensional changes. 
These cooling rates are probably slower than those 
ised commercially. When these slow rates are used i 
order to obtain closer tolerances, additional oven capacity 


vill be needed to maintain current production rates. The 


istallation of additional equipment will be reflected in 


higher unit costs of parts molded to close tolerances. 


Sintering Time 

The sintering periods chosen for our work were one 
hour and three hours, which represent limits above and 
wlow the normal sintering interval for the articles molded 
n this study. 

In general, longer sintering times resulted in an i 
crease in shrinkage, and in Figure 5 it can be seen that 
the effect of this variable is minor. 


Dwell Time 

Dwell time was studied at two levels, 2.5 and 11 se 
onds. The shorter time was that generally used in this 
laboratory for a piece that size and shape of the flat 
ring (Figure 1). The other level selected determined the 
effect of a much longer dwell time upon mold shrinkage 
of the same piece, Only at 2100 psi preform’ pressur 
did a four-fold increase in dwell time cause an appreciable 
change in final dimensions, as seen in Table II. 

Mathematical analysis indicates that dwell time is 
responsible for 10% of the change in thickness, wheres 
in the case of diameters, less than 5% of any mold shrink 
ige is dependent upon the time that preform pressure 
s applied 


Ram Speed 

We examined ram speed at two seleeted levels. Th 
lower rate of 5 inches per minute was used since it is 
representative of good commercial practice and the fasten 
rate of 25 inches per minute was used to determine the 
effect of a five-fold increase in this variable. Less than 
1‘? of the total change in any dimension could be at 
tributed to this parameter. Insofar as mold shrinkage 
s concerned, ram speed is unimportant 

However, we do not want to imply that all shape 


ind sizes can be preformed by closing the mold rapidly 
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| 
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| leterniine nfl len iting rat { 
nsional change vy rapid heating rat 
(274 hour) na t; yf | i 
iriable. Therefore, the fus ting rate can be use 
ucecessfully with pieces ne molded in this study 


i 
leVelop a technique a 1 ng ld d nsions. Th 
s ditficult step in the desig? fa \ ld and } 
results of this study per rderly pproach to tl 
problem. The procedure is based on the assumption th 
inder a given set of molding conditions the mold shrink 
igre Ss ou direct functior ft tt dimension of the nolded 
part. Within reasonabl mits tl ppears to b 
ssumption 

On this basis the following procedure is suggestes 
calculating mold dimensions fo. rticl f Teflon 1 
(1) Assume molding conditions which are reasonal 


for the part under question. The major 


Ss you have see! pretort pressure, cooling 
rate and sintering tin 
(2) Refer to Figures throug LO ts yibtan he d 
mensions of ! rticle olded t the umed 
conditions. Interpolat on between t nditior 
given on the graphs for each dimension, i 
O.D., may be required 
(3) The desired mold dimension cuiculated DV USINE 
Equation 2 shown belo 
The equation increases the part dimension by factor 
vhich represents the mold shrinkage. Mold shrinkage is 
de fined as the differencé between the mold size and the 
final dimension of the piece. When it is expressed as 
percentage it is normally related t the dimension of the 
riginal mold as follows 
PVereent Shrinkage d,) M 
Where: M mold dimension, LD. or O.D 
final dime f piece, or OLD 
Inasmuch the mold d design proble 
unknown, convenient nd necessary relationship 
s that f mold shrinkage related to the dimension of the 
part rather than the mold 
(M, d (Equation 1) 
Where: S rut ad hrinkage t part a 


mensilol 


This ratio is the key to the solution and it can be d 
termined from Graph 7 through 10 or by interpolating 
betwee) ilues taken from eacl f the graphs for O.D 
or LD. 

Recalling the basic ass ptior this rath 
ised to calculate the mold shrinkage for the desired part 
dimension and this added to the part dimension equals t 


nold dimensions, thus: 


M (S) d 


Where: M Required mold dimension for new piece 
d Required final dimension of new. piec 
Now Wwe will review tn procedure for specine 


problem of designing a mold 
typical application for T 


6) are 1.5 in. OLD. 
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HEATING MATE 
> 
~ 
: SINTERING Time 
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Time 
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COOLING RATE: 90°/n 
PREFORM PRESSURE 


3000 psi 
; 
HEIGHT OF SINTERED DIAMETER OF 
BILLETS (in) SINTERED BILLETS (in) 
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irst step is to assume values for the major molding 
ibles representative of a realistic production cycle: 

Variable Level 
reform Pressure 1000 ps 
Sintering Time at 720°F 35 min. or .43 min. mil thickness 
Cooling Rate 150° hr. 

The interval of sintering for the flat ring, used in 
this study, 0.4 inches thick (Figures 7 and 9) was three 
hours or 0.45 min. mil of thickness. Sintering time is 
generally based on the smallest cross-section of a piece, 
just as the cycle in injection molding is a function of part 
thickness. These graphs may therefore be used to de 
termine the final dimensions, d., for the I.D. and O.D. 
when the piece Is molded at the assumed conditions 

d 1.938 in. (Figure 7) 

d O.786 in. (Figure 0) 

The mold dimensions were 

M 2.006 in 

M 0.812 in. 

Using equation 2 the inside diameter of the mold for the 
“V" packing is: 

M [(2.006— 1.988) 1.988] 1.500 1.500 1.553 it 
The mandrel diameter of the mold is: 

M [ (0.812 — 0.786), 0.786] 1.000 + 1.000 1.033 in. 
The calculated dimensions of the “V” packing mold cavity 
are: 

Inside diameter 1.553 in. 

Mandrel diameter 1.033 in. 

Inasmuch as molds designed for Teflon are generally 
full positive in operation there is no actual mold thick 
ness dimension. Consequently the part thickness is de 
termined mainly by the amount of powder fed to the 
mold. Since this procedure may not result in mold di 
mensions which produce parts of the precise size desired, 
using the assumed conditions, it is always possible to 
make fine adjustments via the process variables. 

This mold design procedure is proposed as a helpful 
approach to the difficult problem of determining mold di 


mensions. 


Tolerances Of Free Sintered Moldings 


The use of molded Teflon in precision applications 
raises these questions: “What dimensional tolerances ar 
possible, and what tolerances are needed?” Close toler 
ances increase the cost molding due to the necessity 
for establishing and maintaining precise molding and 
inspection conditions and of rejecting a greater number 
of pieces for “out-of-tolerance.” The results of this study 
provide an answer as to the goal which can be reached 
in molding to close tolerances. Two experiments were 
designed specifically to determine the dimersional toler 
ances which can be achieved when production molding 
conditions are carefully controlled 

In the first experiment, one inch cubes were pre 
formed of Teflon 1 in a hand operated mo'd. Process con 
ditions were as follows: preform pressure—4000 psi; 
cooling rate—45°F hr.; and sintering time—4 hours. The 
depth and width of cubes (Figure 1), molded over a 
period of five days, met tolerances of * .006 inches’ inch 
in 99.7 percent of the samples. The thickness was con- 
trolled to tolerances of * 0.010 inches inch by accurate 
weigh feeding using a beam balance. Actual measure 
ments and deviations may be seen in Table V. 

In the second experiment, 625 flat rings were molded 
n a four hour period on an automatic preform press 
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“ Effects of Process Variables 

. 

100 + + + 

90 + > + 


ising volumetric feed. Proces 


reform pressure 4000: cooling 


g rate—o nr.; und sin 
tering time—3 hrs. The average tolerances of every 25tl 
sample are given in Table VI. Note that in the last col 
imn of Table VI, the thickness was corrected to a weight 
f 33.177 grams to show the tolerances of thickness whe 
weight is accurately controlled in place of volumetri: 


eding 


The data ! Table VI phasize that the veroht 


powder placed the considerable effect 
thickness (dimension parallel to pressure). A three sig 
ma deviation of only ~ 0.6454 grams it sample weighing 


i 
$3 grams increased the deviation of thickness ten-fold 
This shows the improved tolerances that are possible by 
means of accurate weigh feeding is pposed volu 


metric feeding. 


Although room temperature was not investigated as 
one of the six independent variables previously discussed, 
room temperature during the preforming step appears 


Oo have a pronounced influence upon the dimensions of 

tinished piece. In Figure 13 we see that a billet has 

dimension parallel to pressure of 1.270 in. when preformed 
at 90°F (i.e. summer months) compared to a height of 
L287 in. when preformed at 75°F. The diameter ce 
creased from 1.927 in. to 1.913 in. with this decrease it 
alr temperature during preforming. It is obvious that 
air temperature should be controlled when molding t 


close tolerances 


Comparison Of Teflon 5 and 7X 
With Teflon | 


The major portion of this study was based on the 
molding of Teflon 1 because it is generally used for the 
average molding application. Teflon 5 and Teflon 7X, 
special purpose compositions, were investigated using the 
one-inch cube mold and the general approach was similar 
to that used for the Teflon 1 study. The Teflon 7X ex 
hibited dimensional changes of 1 to 3° greater thar 
Teflon 5. However, the shrinkage of Teflon 5 is essentially 


the same as that for Teflon 1 


TABLE IV 


Variation of Dimensions with Cooling Rate 
Cooling Rate O.D. Thickness 


TO°F hour L882 u in 
S7°F how 1.927 it 82 
ene time? o? are reerdade fires efor 
ire Tre f rol ne fe ‘ ee? ‘ 
The a ial mre n ire 
TABLE V 
Tolerances of Free Sintered Cubes 
Depth Width Thickness 
Average of 25 17 OTS 


Polerances (standard 
deviatior of 

Tolerances o1 
neh inch busis 


O06 © aye 


Based on actual dimension 
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TABLE VI 


Tolerances of Free Sintered Flat Rings 


Average of 25 samples L924 
Tolerances* (standard deviatior 

of 3 sigma) 04d 
Tolerances on an inch inch basis aur 

*Based on actual dimension: 
**(Corrected thicknes Actual thickness (Average 
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24 17 6454 gn i 
OO? O60) 


sample weight/Actual sample weight) 
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Trends In Injection Molding Machinery 
T. G. Bishop 


Lhe Hydraulic Pr 


TION MOLDING machinery 
na indergone considerable develop 
nent over the past few vears. This has 


een entirely due to the design by 


cl ry il ul ict i faster 
CUpAcity chines The 
pret ‘ iterial his 
derable efTeet on the ce 
yhoof equipment The trend toward 
ise of polyethylene in housewars 
ten nd in other large moldings has 
ip i con plete ney ld fo. 
chinery manufacturers, Spee 
il tio by custom and proprietary 
ridley } ilso introduced many new 
the adesigi orn olding ma 
rhe (Customel roquesting 
ny pecial feature on the equip 
ent to adapt standard machines to 
theit particular type of molding 
the features recently re 
uested e aus follow 


1. Special Hieating Chambers for 
16,000 Pounds Injection Pressure 


\lolder the polyethylene field 
that they can adequately mold 
vith lowell niectior pressure 
thar normally used on most thermo 
plastie aterials Using 16,000 
pounds per square inch injection pres 
it the to use a larg 
bushing and larger plunger which 
int thie size of shot 
pable of being molded with the ma 
\ number of 20-ounee ma 
re have been furnished with this 
rrangement. It will generally oi 
cr the shot nh proportion to 
‘ n njection pressul 
ible. These machine em 


exclusively on polyethylene 


neal they vould not be tituble for 
other molding materials. T would 
Ke to point out that these machine 


probably not even be suitable for 
ne rressure polyethylene 

able on the market. It has 
ur experience in molding these 
teriais, that they require pre 
i ery to tht required 


t? mpact tyvren 


2. 30,000 Pound Heating Chamber 


Molder no spec lalize in materia 
requiring specially high pressures, re 
juire unit pressures of 25,000 to 950, 
HOO) pound pel quare inch on. the 
} 


Vanufac 


Material such s ¢Vcolac and 
tne harder flows of acryl 
nolded easier and better with highe: 
init pressures. A 30,000) pound ehan 
ver, however, de-rates the shot. size 
if the machine in proportion to the in 
creas n unit pressure. This means 
that if a 380,000) pound plunger and 
bushing were furnished on a 20-oune: 
machine, the maximum shot which 
vould be molded on the 20-oune: 
ould be in the neighborhood of 14 


Ounces, 


3. Additional Stroke and Daylight 
We have been furnishing a numbe1 
of machines with an additional strok: 
ind daylight to handle deep-draw 
molds. Polyethylene wastepaper bas 
kets, garbage cans and buckets re- 
quire a much longer stroke and day- 
light than standard machines have 
available. We and other machinery 
nunufacturers are trying to meet 
these molders’ requirements, but it is 
not always possible to meet the de 


ivery request, so in some Instances, 


iders are buying the next siz 


secure 

rok nd adequate daylight to meet 
requir ents. Figure 1 shows 

trok nd if davlight. This ma 

re ~ wing built for deep-draw 

mrvethviens p t It is capabl of 


nolding a basket approximately 24 
deep. Ao typical example of what 


Figure 2 


High-Speed Injection Systems 


I believe that all the machine manu 
wturers have requests for highe: 
speed injection. thar s available 
mvVventional We have 

ised our injection speeds from 50! 
to ibove vhat we were offer 
ng several yea but in mans 
motlder even requiring 
higher speeds. Extremely high inje 
tion speed ery beneficial on 


umber of molding jobs, but) many 
proprietary Iders and also custo 
molders have few requirements 

or high injection speeds. If it is of 
fered as standard equipment on the 
acl . the basic price of the 
muchine inereases. We feel that the 


olution to this problem would be to 
quote extremely high injection speeds 
is un optional extra. The very high 
speed then would be available for 
those who requ t. High speed in 
jection is relative and is dependent to 
au great extent upon the size of thi 


machine. (Our and 4f0-ounc 
machines have an injection speed of 
approximately 7000 cu. In. per min 
ute.) To amplify this further, this al 
lows us to inject a 400-ounce shot i 
approximately six seconds. the 
smaller size machines, as in the 4 
and 6-ounce capacity, an injection 
speed 400 to 500 inches per minute is 
usually used. Several manufacturers 


Figure 1—Special 48-ounce injection molding machine with 54-inch stroke and 


84 inches of daylight. 
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ire using greater norsepowe! ind 
higher injection speed even on the 
very small machines for special ap 


plications. Injection speed S very 
costly. The higher the speed, the mor: 
horsepower required and tne more 


pump capacity and the larg alve 
size are required. On certair obs 
however, it is a must. For instance 


on very thin walled containers hig! 
njyection speeds ure necessary 
ible to fill the mold. Large projected 
area parts require high speed injec 
tion. Conventional njeetion speeds 
would not introduce the material in 
the mold at a fast enough rate to 
sure filling before the material sets 
up. Generally speaking, the faster the 
mold can be filled, the better the part 
und the faster the evel 


There is a common misunderstand 
ing of the term “injection speed.” lh 
jection speed should be measured 
cubie inches per minute, displacement 
of the plunger. The linear speed of 
the plunger is not the important fac 
tor, but rather the linear speed time 
the projected area of the 
This is the determining factor in th 
cubic inches per minute nject 
speed. Injection sper d is not genera 
ly based on the cubie inches per mu 
ute injected into the mold. The tru 
cubic inches per minute displacement 
into the mold depends upon the bulk 
factor of the material, since the in 
jection plunger is) working against 


coarse granules and these granules 
must be pressed and the air foreed 
out between then by the miectionr 


plunger. The cubie inch displacemet 
into the mold will be approximately 
half the cubie inch displacement of 


the injection plunger. This is a very 
important factor to consider and ons 
of the important reasons why pr 
plasticizing machines can secure such 


good results. In a pre plasticizin gym 
chine the injection speed of the plung 
er is the same as the cubie inch dis 
placement into the mold. This is be 
cause the injection plunger is work 


ing on plasticized material. To illus 
trate this point further, it would be 
necessary to have approximately 


twice the horsepower on a convention 
al machine to secure the same Injec 
tion speed into the mold as a_ pre 
plasticizing machine. 


>». Heating Chambers For Different 
Types of Material 


There has been considerable flurry 
in the last year over the new poly 
liner introduced by DuPont and th: 
Maceaferri chamber introduced last 
year at the National S.P.E. Meeting 
in Cleveland. Both of these chambers 
are quite similar. The small holes be 
tween the inner and outer surfaces 
of the poly-liner tend to strain the 
material as it goes through the hole 
This unit is sometimes referred to 
the strainer type chamber. We fee 


that both designs offer considerable 
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Figure 2—Example of waste basket 


made with machine in Figure |. 


merit, but ¢ hot Sule Whethel 


pletely satisfactory for all materials 
The machinery manufacturers have 
ittempted to build a chamber for the 
equipment which will handle a variety 
of different materials. Maybe we are 
now approaching the point where we 
ire going to require a special heating 
chamber for each different type of 
material. This can run into consid 
thle expense on the part of the mold 
er. It will also mean that special 
chambers will cost) more money be 
cause their research and development 
will have to be charged over a small 
er number of chambet It is very 
possible that the standard chambers 
available today are not the most ef 
ficient for all types of material, but 
rather a compromise to make it po 
sible for the molder to handle a vin 
iety of materials with a minimum 
capital expenditure 


6. Automatic Cycle Features 


Most machinery manufacturers are 
offering low pressure mold closing 
safety devices and automatic cycling 
features as optional extras on 12 
ounce machines or smaller. We feel 
that these features are necessary 01 
i! njection molding machine in orde 
to mold automatically. The mold clos 
ing safety device when set properly, 
prevents the mold from = closing if 
there Sa plece of plastic caught be 


twee the surfaces of the mold. This 
protects the mold. The cycle oper 
timer holds the machine open for 

pre-determined time before starting 
the next evele, This allows time for 
positive ejection of parts and can also 


be used to slow down the overall cyel 
machine f necessary These 
two features are quite iIneXpens 

The mold, however, must be designed 


for tomate olding. They shoul 


have } 


and sprues. It must be considered tl 


POSITIVE eyectliol ul t 


in automatic molding the molds 
necessarily cost more than with se) 
automatic operation when depend 
ing upon an operator to remove 
the parts. We find that) thes dd 


tionals are required by proprietary 
or custon molders very ong 
runs, which in turn, will allow the 


to tool for a job. Approximately h 


f the 12-ounee machine which we 
re shipping contain these feature 
and it is felt that the demand for 
these features will increase us mor 
and more molders speenilrze ! 


particulal phass of molding 


The deterring factor n furnishing 


spec al equipment ine two-fold Hick 


of sufficient engineering tak 


handle all requests, and inability. te 


furnish special equipment from stock 
lots on short delivery 


In an industry such as the plastt 
ndustry, it is no wonder that there 

such a shortage of trained engine 
ering talent. Even the old line ! 
dustries are having difficulty hiring 
engineers. With our tremendou 
growth, the demand for engineering 
talent has far out stripped the i 
able talent. To conserve the talent 
ve have, we and the other machine 
manufacturers try to stick to spec 
which will probably be required by 
number of molders rather than o1 
individual request. This allows u 
conserve our talent to handle the mo 


universal problems 


Delivery of machines on sehedul 
has always been a majo probls m ty 


cause the delivery of the machine 


depends on th many supplier :; fur 
nishing components. Most machinery 
builders place stock for 

chines to. ly built many mith by 
fore final erection \ machine 


Which you receive a one or two montl 
delivery has probably been ordered 
four or five months back. Speeial ma 
chines will normally require long ce 
liveries because usually it is not po 
sible to use a machine coming throug! 
on stock lot \ pecial heating 
chamber, for instance, requires twelve 
or fourteen weeks to secure the roug! 
forging from the forge shop. The de 
livery on special machine is usunll 
based on availability of the neeessar 
materials 

The S.P.I. Injection Machinery D 
vision has attempted to set up rating 
standards which will make it possible 
for molders to compare pec fication 
of equipment based on standard ra 
ing. This prograr s not complet 
approved, as of this date, but it 
felt that it will only be a short time 
before it is approved 


The rating Covel tire pret 
formance standard of the clamp 
heating chamber and the hot capi 
tv. All mechanical climps will ha 
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Injection Molder .. . 
rating of clamp capacity determn 
a resistant strait gpuuges on 
taundard test ring. The hydraulic 
lamp manufacturers contend that this 
nformation is available since the hy- 
lraulic pressure and the area of the 
lamp ram is known, However, they 
ll be prepared to test their clamp 
th a strain gauge test as required. 
The heating chamber capacity of 
plasticizing capacity will be rated in 
cceordance with the Dow procedure of 
ting plasticizing capacities. The 
hot size rating will be determined 
by the number of ounces of a stan 


be 


lelivered through a standard thermo 


dard plasticized material that car 


iple nozzle in one single maximun 
troke of the injeetion plunger at 

en temperature. This will be de 
termined by weighing ten consecu 
tive hoets and then using an average 
The machine will also be rated on the 
shot size available when multiple feed 
trokes are used and the number of 
feed strokes will be stated. 


Interchangeable Standard 
The Injeetion Machinery Division 
also has devised inteo 
changeable mold stundards. These 
standards cover knockout pin loea 
tions, bolting patterns and nozzle and 


mMcuting ring stundards They 


tried to secure a Knockout patter 
vhich would be applicable to all ma 
chines regardless of size. This would 
illow complete nterchangeability of 
old betwee different machinery 
nanufacturers, different makes of 

ichine and also different sizes of 
nauchine \ bolting or tee-slot pat 
ter vas determined based on 


the more conn only used n old basis. 

In summary, injection molding ma 
hines are being designed and built 
for many special applications. Pro 
yress and development wu molding 
equipment is) limited by the avail- 
ibility and the experience of tech 
nieally trained people. We recognize 
the need for a seclentifie approach to 
specifications, comparisons and inte 
changeability between equipment, and 
this, We hope, will be accomplished it 
the near future, 


Foster-Grant Fellowship 

The Foster Grant postdoctoral fel 
mwship in chemistry at the Univer 
sity of Notre Dame has been awarded 
to Conrad C. Bruschweiler of Bern, 
Switzerland, aceording to an- 
nouncement by Dr. G. F. D’Alelio, 
head of the university chemistry de- 
partment 

Bruschweiler, who is carrying on re 
eure! n polymer chemistry under 
Prof. D’Alelio’s direction, holds his 
centiate and doctorate from the Uni 
ersity of Bern. His pre-doctoral work 
dealt with steroids and contra-current 
distribution. He will hold the fellow 


hip during the 1956-57 school year 


Forty 


EXTRUSION 


Edited by R.D. Sackett 
Technical Service Associate 
Monsanto Chemical Company 


Springfield, Massachusetts 


Obtaining Maximum Surge-Free Production Rates 
With Acrylonitrile Copolymer Blends 
E. J. Trunk 


N audgatuckh 


The old cliche of extrusion being 


“more of an art than a science” has 


been used beyond the point of truth. 
With all the presently-known facts 
on the subject of extrusion, the old 
statement could probably be reversed 
to say “more of a science than an 
art’ or to put it more aptly “more of 


nu science of the art.” 


In the extrusion of the copolyme) 
blends, the extruder screw alone is the 
most important factor in obtaining 
naximum surge-free output. This ap 
plies particularly to small cross-sec 
tion shapes or relatively thin-wall 
pipe and tubing where high back 
pressures are encountered, 


In general, the deep-flighted low 
vork screws give the most efficient 
material delivery where low back 
pressures are concerned. However, 
tests have shown that the high-work 
screws will give optimum surge-free 
outputs of finished product under rel- 
atively high back pressures. The high- 
work serews best suited for these m- 
terials generally consist of the shal- 
low-flighted 4:1 compression, meter- 
ing or mixing head types (Dulmage 
or Hartig). 


FIGURE | 
Effect of back 


pressure on out- 
put. 


Chemical Co. 


In the production of thin-wall tub 
ing (high back pressure), the output 
le pends to a large extent on the abil 
ity of the screw to deliver material at 
sufficiently high pressure to ove 
come the resistance of the die. Al 
though a deep-flighted screw can de 
liver more surge-free material at low 
back pressure, its surge-free forward 
Inge capacity decreases rapidly as die 
resistance increases. Points A and B 
on the follow 
cally the relationship between ex 


ng curve show graph 


truder serew output and die back 
pressures 

In theory, maximum forwarding ot 
material by the screw under 
back pressure can only be obtained 
by that method which gives max! 
mum drag-friction unit-volume of ma 
terial in the frontal seetion of the 
screw. This is accomplished by screws 
that have a relatively large screw 
thread pitch dimension and minimum 
flight depth at the serew exit end 
These screws are termed as constant 
pitch-increasing root or metering type 
screws. Under high back pressures, 
the old style deep-flighted, constant 
root, decreasing pitch screws give the 
poorest surge-free rate performance; 


Low Work Screw Characteristic 


BACK PRESSURE 
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| Operating Points 
¥ 
High work 

eis 


deep-flighted, low compres 
stant pitch screws run a close secon Table | 

Although forwarding ressure Surge-Free Production Rates 
or the n \pproximate 
sections are negligible, they have : 
been found Rarer n the cane f Maximum Surge 
high back pressure dies in givin; . Free Production 
steadier output and thus reducing at Extruder screw Type Pipe Size Rate 
tendencies to surge. Acrylonitrile gu 2” Hartig 1 CR, deep fit 1” IPS 4 > ppl 
plastic, because of its slight compre (Constant pitch, 
sibility, probably has a tendeney t decreasing root) 

ibrate like a bouncing ball when th 2° Hartig Mixing head serey Is 4 
and grab condition eccurs ee! \pprox, 1 ¢ R deep 
the screw and cylinder barre rh 
condition occurs under high die back 
For this reason, the lume { mi (Constant piteh, 
terial in the screw front section decreasing reot) 
must be kept to minimu ic] NRM CR, torpedo scre SWr 
provided by shallow-flighted, mete) (Decreasing pitch, 
Ing screws, or mixing head screws prior to torpedo) 

rests run a 2% National Rub NRM 6:1 CR. deep 
ber Model 50° extruder showed that 

(Constant pitch, 
surge-free extrusion rates for 2" SWI 
pipe could be increased fron ppl 
to over 115 pph by changing fron 2 NRM_ 4:1 CR, shallow fit SW t) 
1:1 compression ratio deep-flighted (Constant pitch, 
screw to Dulmage nixing type of Increasing root) 
screw. This rate required the full 10 2 NRM_ 4:1 CR, nylon metering SWI jan 
hp input which is only lable } (Constant pitch and root 
late model machines (those produced to metering head where root 

ment can be converted to gher pow my a . 
er input. ( Approx. otk OR. dee p fit. 

An extruder of small cross section; prior to mixing head) 
storm window channel strips was abl 
to increase his surge-free production and 2's” NRM Modei 50 vall pipe, where the die otter ery 
capacity from 75 pph to 140 pph. This machine. little back pressure, can be don t 
Vas accomplished with shallowe) These te Sts Were run on eXtrusioi satisfactory rates with relatively 
flighted frontal section serew which ir grade materials deep-flighted low compression screw 
effect changed the compression ratio In the above tests, the following From the above, it can be seen that 
from 2 to 1 to 4 to 1. The extruder basic standards of extrusion practice for best shop practice, it is idvisable 
Was a 3ly Hartig machine using : were observed: screws L D 16: to have on hand several type of 
molding grade material die land IS to 20 times pipe W il screws So a to obtain maximun 

Table I shows production rate test thickness; draw down 15‘ surge-free productior rates, with 
results versus multi-screw test for Extrusion of solid red or heavy uriety of dies 


Reprint volumes I, II and III. 


reference shelves now, as supplies are limited. 
Money with order 
Members 


Single Volum 5.00 

Set of Volum: 
Non-Membere 

Singlk Volu 

Set of 3 Volu 


Society of Plastics Engineers, Ine. 
34 East Putnam Ave. 
Greenwich, Connecticut 


Please send me copies of volume (s) 


City 


Technical Conference Papers 
—Are Now Available — 


The papers presented at the last three SPE ‘ 


Each volume contains a wealth of information for the plastics engineer. Complete your 


Name 


Address 


rechnical Conferences are available as SPE 


Order and Bill 


of the SPE Conference Reprint) books. 


JOURNAL, Februi 


ke 
f= 
| 
| 
4 
5.20 
/ 
> 
21.00 
ty 


FIDELITY in VINYL RECORDS 
are assured when you manufacture with Enjay Oxo Alcohols 


Vinyl rear windows in convertibles or vinyl phonograph records ... and a large 
number of today’s other wonderful, new vinyl products are made from plasticizers 
using Enjay Oxo Aleohols. 

Whatever your product, you can always count on Enjay—the world’s largest 
supplier of Oxo Aleohols—for uniform high quality. 

The Enjay Laboratories are at your service to help solve technical problems 
related to the application or use of any Enjay product. 

For detailed information, write or phone today! 


Enjay offers a diversified line of petrochemicals for industry: 


HIGHER ONG ALCOHOLS lsooetvl Alcohol, Deeyv! Aleoho!, Trideeyv] Alcoho! LOWER ALCOHOLS Pioneer in 
| oprop Aleohol, Ethyl! Alcohol, Secondary Butyl Alcohol ; and a varied line of OLEFINS ) ] ] l 
AND DIOLEPINS, AROMATICS, KETONES AND SOLVENTS, Petrochemicals 


ENJAY COMPANY, INC., 15 WEST Sist ST., NEW YORK 19, N.Y. Other Offices: Akron, Bost (| Vngeles, Tulsa 
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By Your 
National 
Organization 


“The objects of the Society shall be to pro- 
mote in all lawful ways the Arts, Sciences, 
Engineering Practices 


the 


and and Standards 


connected with utilization of plastics.” 


The Editorial Advisory Board of the SPE Journal 


he publications ot ny professional society are 

among its most important activities. The Society of Pla 
tics Engineers has ilw Vs neluded publications since ts 
beginning and has steadily increased their stature 

The National Publications Committee recently revised 
the Editorial Advisory Board f the SPE Journal to cor 
sist of 15 met who represent broad experience In 
the field of plastics, These men have already accon plished 
a great deal of work in reviewing pape? ind making 
recommendations concerning their publication u the Jour 
nal. This function serves to sereen the kind of informatiot 
which Is publ shed and the screening alone by el Wil 
have direct experience in the field ¢ red by the individ 
ual paper. The board members | e helped the Jour 
editor greatly because of their detailed kt edge in the 
fields covered by the papers ch they | ere ewed 

Further action sou ew for the Advisory Board 
Professional standards for presenting papers for pul 
hieation are being studied t the intent t adapt the 
best in the field for SPI r rk Is being done In 
operation with a committe: ch is doing the same thing 
with regard t papers t pre nted t 1} nnu tec! 
nical conferences. These studi result in 1) ed 
ippearance nd greater ease aing ve s othe 
id\ intuyves ynik ! \ eres ehani 

The Society of | tre eers | becon COR 
dards for technologu excellene ul 
reputatio nad this t Sig TIS 


t\ 


s expeeted bourd members will know about new de 


productiol 


and max 


papers of nign qual 


it 


hnologieal 


SPE Journal re 


1") nterest 


ments which should be reported to SPE people ind wi 
irge SPE members to write about then 
The board hopes also to have members at large notify 
the editor concerning development Which hould be re 
ported in the Journal, becuuse the ucce of any orga 
ization depends upon maximum participation in its act 
ties by its members, There are real advantige nh sedvaane 
ng the professional standing of an engineer through pul 
lication of his work The ial Ise 
ployer through increased respeet for the corporation ‘ 
staffed with men of high eputatior 
Technical development field cinted 
nterest will be watehed rder to bring tl the 
attention of Journal readers, This has bee done fa 
OV the edito na it hoped the Advisory Board w hy 
ible to iugment ct t\ Kach Board me ber en 
contribute ttl ‘ nd tl prregiute mount 
ich ore time thar ne editor ear 
The members of the Editor Advisory Board re 
e the fmendly and infor tradition Society 
of Engineers, and thei nelude preservil 
these traditior unhindered, w le. at the e. thes 
ire attempting to help our publhieation t chieve eve 
Mproving professiol tunding 


Gordon Thayer 


( 


in Editorial A 


/ 
e 
VCtltohn 
+ 
3; 
i} 
elop 
lf. 
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Vigorousty, Advisory Board vrs to stimulate I iB 
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Organization for Accomplishment 


Jerome Formo 
Nat onal Pre SPE 


e A great deal of credit must be given to the original 2. The Administrative Pechnic 


il 
vyroup in SPE responsible for the drafting of our eco group includes Publications, Meetings, and Educ 
stitution At the beginning of 1956, when careful review tion, Which are essentially technical and yet at the 
vas made of both our orgat ition and the constitution, sume time nvolve rdministrative responsibilit 
discovered eertal rei ne 2 Inter-socie ty Ralations This group includ 
mad developed and also that the co stitut on provided a members with many other technical cietie r 
adequate — purpose s to maintain contact between SPE and 
ur society. Since a president’s responsibilities upon tak and tc with th 
ny office first involve the selection of committees to eaurry 
ut the work of the society for the following year, it 4. Technical Committees. This group is composed of 
pbecume apparent that a new ind enlarged reanizatiol special PUrpose committees set up for specifi 
‘hart would have to be developed before proper selection purpose such as the editing or writing of a teel 
f committeemen could be mad This responsibility was nieal book. At the present time thre uch co 
issigned to Frank Re nhart, past president, who ucted tlees are n ¢ istence They vill funetion inti 
pon the detailed recommendations of the Executive Com then task is performed it vhich time they \ be 
mittee and put into concrete form the organization chart dissolved 
which was accepted by the National Counc n June of 5. Professional Activity Groups. Under the constitu 

tion, a professional activity group can be estab 

The various relationships that should exist betwee lished upon vetition signed by ten members of the 

rpe rating groups Within the soc ety were clarified by the society. Such groups can be established to carry 
organizational lines which related the entire yperation out the specific and general work in such re ; 


back to the geographical sections of SPE, The entire ot of interest as compression molding, extrusion, lain 


ganization is based on 


ndividual members who make then inating, finishing, and uses of plasties. and so o1 
vishes know! through sectiol representatives ol the The purpose of these groups could include the col 
National Council. The National Council, then, in effect, lection and dissemination of data in a speeifie are 
hecomes the governing body of the society. Responsible of interest, the collection of data for use throug} 
directly to the National Council are the Executive Secre out industry, the carrying out of a specifie researc] 
tury, the President, and the Executive Committee, Th tusk or any other purpose included within tl 
Executive Secretary is responsible for all of the paid pos scope of the committer 
Lions on the society's staffs. At the present time this 
cludes the general administrative Tice n Grreenwiel na During 1956 the Treasurer was a hed the respor 
the editorial office in Athens. Ohio bility of the administrative operating committe: the 

- Secretary was assigned the responsibility of the adn 

Ihe President s responsible for the operation of the strative technical committees, the piist President 
numerous committees of the SOC LETS ind for conducting gviven the Inter-Society Relation group, the Vice-Pr 
the meetings of the Nation Couneil the innual dent was assigned the technical committe much 
nembership meeting Beeaust the number of pointed member of the executive committer put 
ictive committees within our society, it Decame apparent charge of the Professional Activity group I) a 
that the President ould re i! bie to maint n effect ‘ of responsibility has mad possible for thi 
also? the chairmen of these committees He the to maintan close) contact vith fewe) peopl directly wna 
reque sted that the ve othe embers of the Execut ve essentially wetter contact with all committe nvolved 
Committee each assume the responsibility of one area of Although delays were encountered in establishing cot 
committe vork. Phis dea | s been carried out n daratt mittees due to the length of time neces ivy te formu 
ne present ehart and t cal seel that this etter the organization, beginnings niive mow heer 
tively brings under control the wide and varied scope of such a detail as this organization chart should make p 
SPE committees and relates the to the National organ sible functioning of thy society 
zation ! t Wilh nN Ke their functioning pos next few years he fore this time many questior would 
Site irise concerning responsibilities and now these can be 

The con ttees have been divided into the following seen very clearly o ngle piece of paper, The ! 
five sections vhile at present somewhat large) than our current 

1. Administrative Operating Committees. These con ganization, should be adequate to take care mets 

ttees nelude Mi Ders! Fin ( redent | least twice s large s It can be expands 
nd other committees t re, gene? V speak to fit ever irger orgal tior it by t t t 
ng, purely administrati rathe than tecnnie become desirable re-study the ! e p 
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A Brief ReportOn... 


SPE'S Thirteenth Technical Conference 


Nutional officers fon were 
elected at SPE’s thirteenth Annual 
Technical Conference last Januarv u 
St. Lou They are 


President: Peter Simmons, Newark 
tion, (Dow) 


Vice-President: Haiman Nathan, 
Butkalo Section, (Atlas Plastics). 
Secretary: Kenneth Gossett, Chi 
iwo Section, (Gossett and Hill Co.). 


Treasurer: Jules Lindau, II, South- 
rn Seetion, (Southern Plasties Co.). 


\bout 1900 registrants attended the 


thre day program. Visitors came 
fron ill parts of the United States 
nd from several foreign countries, 


cluding Sweden and Australi 

Three concurrent sessions and 
ral night sessions all enjoyed neat 
pacity attendance, and mn some 
ises OVE rflow attendance. 

Most notable to the registrants 
is the smooth running of the whole 


Conference. Information and mem- 
vership desks, neat but separated 
from the registration desk, helped 
reduce Wiiting time for registration 
to a matter of minutes only. Another 
time-saving feature was the reserva 
tion of one restaurant at the hotel 


or breakfast for members only 
SPE’s first technical volume, Qual 
ty Control for Plastics Engineers, 
as officially introduced at the Mem- 
bers Business Luncheon. The 150 
page book, edited by L. M. Debing, 
s written for practicing plastics en 
vineers, molders and fabricators, 
showing how to put a quality control 
program into practical effect. For de 
tulls consult page sixty-three of this 
Reports of the national officers and 
hei committees were presented 
briefly at the Business Luncheon. 
The National Council selected Pitts- 
burgh as the site for the 1962 Tech- 
nical Conference. The 1958 onfer- 
ence is set for Detroit, and plans are 
well underway 


» 
Cc 


SPE'S National Officers for 1957 


National SPE officers for 1957 are (left to right) Kenneth Gossett of Chicago 
Section, Secretary; Jules Lindau III of Southern Section, Treasurer; Peter W. 
Simmons of Newark Section, President; Haiman Nathan of Buffalo Section. Vice- 
President. 


Companies Registered at the Conference 


American Cyanamid Company 

American Molding Powder & 
Chemical Corp. 

Argus Chemical Corporation 

Auto-Vae Company 

Bakelite Company 


Div. of Union Carbide & Carbon 


Corp. 
\. Bamberger Corporation 


Barber-Colmun Co... Wheeleo Div. 
Barrett Division 

Allied Chemical & Dy Corp. 
Black-Clawson Company 

Dilts Division 
Boonton Molding Co. 


The Borden Co., Chemical Div. 


Durite Products Dept. 
Buckeye Molding Company 


( 


( 
( 


~~ 


‘adillae Plastic Company 
‘amfield Fiberglass Plasties, Inc. 
‘ampeo, Division of Chicago Molded 


Products Corp. 


‘haney Plastic Molding Co, 
‘elanese Corporation of America 


Plastics Division 


‘hippewa Plastics, Ine. 

‘hris Kaye Plasties Mfg. Co. 
‘iba Company, Ine. 

‘inch Manufacturing Co. 
‘atalin Corporation of America 


Subsidiary of United-Carr Fastne) 
Corp., St. Louis Div. 


‘lopay Corporation 
‘olumbian Carbon Company 
‘ontinental-Diamond Fibre 


Div. of The Budd Ce. Ine. 


At the speaker's table at the Business Luncheon are Jas. R. Davidson, Kenneth Gossett, Haiman Nathan, L. M. Debing, George Martin 


Jules Lindau, C. P. Briscoe (speaker), Otto Wultert, Jerome Formo, Peter Simmons 


R. C. Coilins 


Norman 


Skow, Frank Reinhart, Jesse Day, and 
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DeMattia Mach. & Tool ( 


Detroit Mold Engineering Comp N 


Dover Molded Products Co 


Dow Chemienl Company 
I. duPont deNemours & 


Durant Mfg. Co. 
Durez Plastics Divisix 


‘ 
Hooker Electro-Chemieal ( Nop 
we 


Eastman Chemical Product 
Klectromold Corporation 


neineered roducts, Tre 


The Fabri-Form Company 
The Fellows Gear Shaper Co \ 
Ferro Chemical Corporation 
Plastic Color Divisior The 
Ferro Chemical ¢ orporath 
Fiberite Corporation 
2 berfil, Ine | 
Firestone Plastics Comput 
Flambeau Plasties Corp. 
Foster Grant Company, In I) 
The Fuller Brush Company 1) 


Corp. 


General Electric Company 
Gerber Plastic Co. 
B. F. Goodrich Chemical Compa 


noutl Industri Products, 


bble Plasties Products. In 


odex orpor itor 


Aniline Divisis Shell Chemical Corporat 
ed & Dy Corp. he 
ibber M ichineryv ¢ 
ick Che Stel ne. 
sion of U.S. Rubbe J. Stokes Corps 
" ef ‘ 
Nitration Work e Plasties, hh 
h American Aviation, Carl J. Tabor, Plastis 
‘ levelo 
pmer 1) Penne oe & he 
Tepes tics 
rker Pen Cor pany 
hern w C he Cul 4 


bs © he i Cor mins 

Therme Incorporates 

ics rineering Co 
Plastic Molding Company Industi Che 


tic Parts & Sales 


Plastic l’roducts, Ine. 


n Products, Inc dy 


W. R. Grace 


Polymer Chemicals Divisior 


and Con pany 


Hanley Plastics Con pany 

Division of Wallace Pencil Compar \ 
Harshaw Chemical Company 
Hellmich Mfg. Co. 
Hercules Powder Company 
The Hydraulic Press Mfg, Company 


Improved Machinery, Inc. 

Industrial Manufacturing Corporatio: 
Ingwersen Manufacturing Co., Ine 
Injection Molding Co 


K-S-H Plastics, Ine 

Killark Mfg. Co. 

The M. W. Kellogg Company 
Koller-Craft Plastie Products, In 
Koppers Company, Inc. 

Kopplin Molding Corp. 

Kordite Company 


W. T. LaRose & Associates, In 
Lester Engineering Company 

Lewis Welding & Engineering Corp 
Lincoln Plasties Corporation 

Logo, Ine. 

Loma Plasties 


Lone Star Plasties Co., [ne 


Mallinckrodt Chemical Work 

Manco Products, Inc. 

Mastro Plastics Corporation 

Michigan Plastie Products, Inc 


President Jerome Formo displays SPE's first technical volume “Quality Control 
for Plastics Engineers’ to two of the contributing authors. Left to right are 


E. C. Harrington, Jerome Formo, and G. L. Peakes 


February, 1% 


SPE 


JOURN 


ies Regi inued) 
ompanies Registered at the Conference (Continue i 
Cosmo Plastics Companr Micro Switeh D Reed Prentice Corporat 
Crescent Plasties, In Minneapolis Honeywe Reg. ¢ Rohm & Haas Com) \ Saw 
Crown Cork & Seal Comp Monsanto Chemien!] | t Diy 
Crucible Steel Co. of Ameri The Morningstar Corporati Rul ‘ ; 
C. T. L. Incorporated H. Muehlstein Company 
Mvycecalex Corporation of America She 
i 
| 
la 
Pe 
Watlow Elee. Mtg. Ce 
Watson-Stillman Press D 
Welding Engineers, Ine 
Westchester P tics, Ine 
Western Textile Products ¢ 
General America Transport the R. Molding. | xtruded |’ Din 
Rainville Company, In H. Whitlock Associate 


UNITED STATES 
ELECTRICAL MANUFACTURING 


PROPERTIES 
INSULATING 


POLYESTER 
AND TRANSFORMERS. 
Staff Report. 

polyester-glass tape 


listed as strong 


ind inertness to mineral oils, 


rotors and othe ! 


September, 1956 
PROPERTIES 
DIELECTRICS. Bryce Max- 


MECHANICAL 


mechanical propre rties of 


Spec ial en phasis 


Oscillations, Rate of applying 


Stress. and Rebound Hardness in re 
Temperature 


November, 1956 
SCHEMATIC DIAGRAMS Vs. 
CYCLE CHARTS FOR CIRCUIT 
DESCRIPTIONS. Staff Report. 

While 


scribing eleetrical cireutts, the auth 


comparing methods « 


ors give a very clear and complete 
picture of the complex functions of 
the Watson Stillman 24 oz. Injection 
Molding Machine. The sequence ol 
electrical and hydraulic action are 
spelled out in detail with maintenance 


ind trouble shooting in mind. 


December, 1956 
ENVIRONMENTAL TESTS FOR 


EMBEDDED ELECTRONIC UNITS. 


Charles A. Harper. 


Westinghouse reports some studies 
electronic 


on cast resin-embedded 
units. In 
POXy embedments are tested in high 
and low temperatures, for high alti 
tude, thermal shock and aging, high 
humidity, salt spray, fungus resis 
tance, mechanical shock and vibra 
tion. 

In general, epoxies showed more re 
sistance to environmental conditions, 
polyesters have the advan 


where its, 


tage of lower price and of 


working. 


GERMANY 
KUNSTSTOFFE 
November, 1956 


Abstracter: Anne Schwend 


POLYMERIZATION OF VINYL 


CHLORIDE AND STRUCTURE OF 


PVC, Dr. G. Bier and Dr. H. Kraemer. 

The authors’ investigations made it 
probable that a great part of the end 
groups of PVC contains double bonds 
derived from a transmission reactior 
between polymer and monomer, Other 
end groups such as activators, emulsi 
fiers, ete. are of less importance with 
However, addi 


regard to n ole cule 8. 


tives of the polymer mixture are be 


particular, polyester and 


ny nceorporated inal is 


controllers 

Branched chain molecules form 
er thru chain transmission with the 
polyme thru co-poiymerization 
The degree of ramification augments 
With increasing reaction and 
pendent upon the processing method 
Compounds of varying degree of ran 
were thus produced. Frac 


showed different Zn M 


however, 


ification 
tions thereof 
relations. It 
vhether differences it 


uncertain, 
structure are 
responsible since it Was stated that 
the degree of ramification of PVC is 
low. No big differences in the physical 
properties of PVC produced nucceord 
ing to Various methods may be ex 
pected, however differences appear ! 


application as regards thermal st: 
bility and fastness to light. 


COMBINATIONS OF PLASTIC 
FILMS VIEWED BY A PACKAGING 
SPECIALIST. Dr. R. Heiss. 

This study s less concerned wit! 
presenting facts about existing pro 
ducts but rather to invite investiga 
kinds of combination, 
veldability, pro 


tions about 
strength properties, 
cessability, ete. and to show possibl 


vays of realization 


DIELECTRIC PROPERTIES OF 
PLASTICS AND OTHER NON-CON- 
DUCTORS. Dr. B. Daimler. 

The author attempts to give a plain 
survey on how corpuscular conditions 
in the interior of Plastie materials 
ure related to dielectric measurements 
which were developed for use in the 
electro-technical field and are applied 
in structural research, too. In addi 
tion, normal electro-technical require 
ments for different 
fields of application are aired. 


insulators for 


PLASTICIZER-FREE POLYVINYL 
GRANULES. Dr. G. Wick and Dr. H. 
Koenig. 

The processability of 
suspension type 


plasticizer 
free emulsion and 
PVC is discussed considering the vari 
ous factors influencing the flawless 
ness of the end product. Modern pro 


Cessing nethod k for granulated 
basic material mi it has proven ad 
intugeous to lea hitherto eylindri 


cal type granul nd exchange then 


SPR JOURNATI 


February, 1957 


‘ AROUND THE WORLD 
: June, 1956 
\bstracter: Gerald Fisner 
ALS. Wen- 
dell T. Starr, 
rticl Very detailed dis 
st l on of the titus of corona test 
ny t the General Eleetrie Labora 
Schenectady, Test results of 
practy \ ll of the well known 
ilating: materials are listed 
Included re paragraphs relating 
il de of design and manufacture 
cove electrical applications as de 
; termined by the research and experi 
ence of General Eleetri« Corp. Some 
f tl uutstanding advantages of the 
parallel fibre tape are 
moisture resistance, negli 
vible elongation, extreme hardness 
nd stability, resistance to high temp eee 
al ine ils and alkalis. 
General Electrie uses the tape to 
tie stator coils, bind 
f pplications in which maximum mech 
rhe trength mn non-magnet 
on-conducting material is required, 
well, 
Sponsored by the Signal Corp, 
Navy, and Air Force, Princeton Uni 
el ty’ Plastics Laboratory has been 
been placed on environmental 
ise f change, namely humidity, 
nel durutior oof tinny stress 
1) charts the findings of 
e of the projeets such as Effect 
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GREAT BRITAIN 


BRITISH PLASTICS 


November, 1956 


ire 
atl ni pre dob \ 
Kling 951 (Kunststoff 
11, page 240) and ha nes 
ea reliable helper. Inadeq 
tinated PV¢ euthe Il « 1) 
to the cre ng fe 
the Toldings endul test. 
iz will continue until the PVC 
np bre na, ( 
rly bad g vey W, 
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ted that nt 
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eribed. Apart fron idging 
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p Viute, casen t 
< 
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4 based on a Gern 
but not vet pub first 
erting the 4 
mn molded polyamide lose-acetat h ‘ f »p 
parts which do not show any face Phe auth f 1 ticle thi toys doubled in e sinee 1952, but 1 hae 
ture opt \ recog tle tive tort na ere portint at rhe ihe tery | 
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Newark 


Christmas Party 
Edited by Grows Larger 
Charles P. O'Donnell R. Bostwick 


Vonsanto ¢ hemieal Co. t New Section ( hristn 
event ind becomes bigge 


nd better every year. This year’ 


marty was held on December 12 and 
he 560 members and guests attend 
ng filled the main dining room of 
‘ the Military Park Hotel to capacity 


\ good time was had by all, thanks 
Connecticut to the hard work of Don Biklen, Frank 
Lombard ind then helpers, Once 
igain, the printed programs were cor 
. e.e tributed by the Lionel Corp. And there 

Electroforming of Mold Cavities Vie Sine favors: 

the ladies and numerous door prize 
The newly chose Section officers 
wre: Preside nt, Bob loehn of Mack 
Molding Co.:; Viee-President, 


Lombardi of Shaw Insulator Co.; Sec 


David Mersey 


Wit t t of tic hich might othe hecoms Treasurer, Ernie Csaszar of Eagle 
trofort ne othe) obsolete Pool & Machine Co 
The three new Directors are: Nor 


ti In tl process, step \s repair technique, this proces 
ken to prevent the adhesion of ised for repairing crushed ot Bragar of Norman Bragar Co.; Allan 
wt e deposit nd this deposit eroded lands, or in building up del Serle of Shaw Insulator Co.; Al Spaak 
permitted to gre until it has forn cit blades or other surfaces. Also, of Mastro Plasties 
eal old structure on hell, Prior to for the increasing of the LD. of a eas 
ts entry into the field of synthetic ty or the O.D. of a foree. Again, for 
ti used for n yeu filling sinks or lengthening forces. Southern Cal 
king phonograpl ecord dies, In actual production, PVC and fluor ° ° 
a  gruicte ral the ke de con pounds mold without staining Ladies Night Banquet 
lhe Nicofor proc eribed Polyethylenes releass freely fron the John A. Stahmann 
y Mr. W. J. B. Stoke developed bright nickel cavities. Electroformed 
by the Britis i a World War Il cavities are practical standard = fo The annual Ladies Night Banquet 
t The application was fer a molds for gears. Phenolic parts are of the Southern California Banting 
plasti nold Although the process stripped from their force plugs with was held on December 6, 1956. It was 
ld, th particular application cavities having a 0.006" deep undercut nu real success, with an overflow crowd 
novatior After the war, with only a one degree draft. of some 280 people in attendance. 
th an eve toward peace-time indu The annual election brought in thre« The evening started with a numbe) 
tr ipplications, thi ime process new directors; Peter Paulishak, of door prizes being given out. This 
further developed and perfeeted. Bridgeport; Harlan’ Fisher, Water was followed by dinner and entertain 
we ybstaels had to be and were town; Charles Sullivan, Waterbury. ment. The program included a mag 
ercome, the inability to plate r The new national councilman is David clan aet and a pistol marksmanship 
‘ nd the inability toe build up Mersey. The new section officers will demonstration. It closed with gifts for 
eck enough to withstand mod « listed in our next report l! th dy 
condition Th high 
f develop nt reached 
t riginal group succeeded 
ip a laver of ckel about 
2 nel thick ked by any che 
real tric of Copper This comb Enjoyed By All 
rive dequate duetility and 
irane for p tics applications, Th 
proc known as Nicoform, and 
censed to the Eleetromold Corpor 
rable characteristic for 
}) ere Cl med. The m 
! ubjected t re 
the e of the master is reproduced 
th ¢ t nd fidelity 
neluded every detail vhether 
the bottom on des of the master 
indercut neluded rh mean 
itched, curved parting-lines; alse, 
ide-wall det ind surface texture 
uch as leather, paper, and wood, On: 
possibility URKt ted was the altera That the 280 persons attending the Southern California 
tion of the eNXIStINg Ladies Night enjoyed the cffair is shown by this picture 
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Upper Midwest 


Characteristics 


Of 'Forticel' 
And 'Fortiflex' 


F. W. Brown 


s follows: Paul Becke Presid 


Russell Kirby Vice VI dent. | 


the) Bol eecretary, Cort I’ tt 
| The Section 
Cs tne director nd office: 
Follo gy the meeting ‘aul Beck 
956 Prog Chairmin roduce 
\ Jone ur evening 1) Ke 


tio na pok nubout t t 

ide by Celanese “Forticeel” ar 
‘Fortiflex.” “Forticel” (Ceellu e pi 
pronate) came into full production 


1955. Mr. Jone 


has low 


discussed the pre per 


‘Forticel.”” 


be dried before molding, Hopper di 
uy in sufficient as les arying re 


quired than for cellulose acetate. Mi 


Jones compared the flow and molding 


characteristics of “Fortice Vith those 


of othe. 
that the Viscosity of “Korticel” chang 
rapidly 


th tempel i 1? 


than that for other cellulosi and 


that “Forticel” should be molded we 
above ts flow point. “Fort 
free of objection ible odor nd | 


been found useful for making he 
steering wheels, knobs, alias, 


trical housings, and appli 


where low moisture absorpt ral 


high hardness are needed 

Mi Jone ther discussed tl! 
trance of Celanese nite tne 
high density polyethylene by the 
stullation ot 


this coming fall. Celanese polyet! 


production equip 


ene will be patterned after “Marlex 


50.” Mr. Jones mentioned the nee 
for classifying the various grade 
polyethylene for the conventenes 
the molder. An accepted trade s3 


which might be used for cla ving 


various types of polyethylen 
melt index. Mr. Jones pointed out t! 
the longer chain polymers are harae 
to process but give better propert 
that is, maximum toughness, rig 
heat distortion ¢ perature, ane 


en 
num stress ©) icking 


Although “Forticel” 


moisture absorption, it should 


cellulosies Hye pointed out 


New York 
Glass Fabrics, Finishes 


For Plastic Reinforcement 


Jim Dugan 


1) ! | 
Fis Plastic Reinforces build 
H k ed by t pack ‘ 
by Maurice Ly sii d and eap 
1) de and Carb d 
Corp., plasti 
1) 
try 
H 
try K | \ 
! aj t? it ? Tle 
ryt ist by, ne al ‘ j 
i th nal | nal t ‘ 
d t fab | dl by ‘ 
uc ol hal ret Aa i 
Here, the batel el thod ised ( 
for 2-} i pel ft i! Cit il 
glas nad te hich finisl dd by nd the ou ( 
Woven 1 be | tre nt-a Tie 
eaned beto pp ! ) ihe ( 
lit ent tiie ‘ ( he hyection 
bot! t and dry \ cr fluid | 
| pecihe problen were ¢ cu ‘ th igh ise ropu ) 
Dr. Lynch explained how finish 957 Labor Relation di 
rm pplied to gluss cloth, covering ed by | Lindsal presider 
cone finishes ny CPpOXte Suffolk County CLO ¢ 
d Finishes can be riou pre ctive b 
ul \ na ! init Vere ‘ ‘ 
te ised ‘ eriti \ best ethod f «te 
procedure iggested by ely-formies \ 
t ‘ fo? he ¢ cu ‘ ) 
finishes 


A break during the joint Monsanto Plastics plant visitation by the Western and East 
rn New England Sections permits the respective presidents, Mr. L. H. Gustafson and M 


R. L. Mondano. to further discuss the biect of the visit. the Monsanto Hous: f Tomorrow 
Examining part f a prototype mode! with the Section Officer und J. R. David Fy ' 
tive Secretary, S.P.E., are left to right: Mr. Wm. E. Wiese, Monsanto: Mr. Gustafson: Mr 


Mongoan Mr. Davidson: and Mr. M. X. Gigliotti Monsant 


ore 
PE’s New York Section held its N \ York and Ne 
mber 2s ting at Tufaro’s R ber oat 
| | ¥ { (; Hot \ k \ 
dar Princip peak f tl Bennett Nathar Moot 
ning Edwin Lerey Lotz, Hi Chemieal Co. spok High-Sp 
(jold t lise ed “New \ut liy de ering the first 
Cort Tlatt,. L pper Midwest Sect 
resident, announced the Section’s d ea 
rectors ana officers for t! Co ne edt 
vear. Newly elected director ire W 
am Brooks, William Jarvey and W mt 
ter Williams. The National Direct o 
Jerome Formo. The new officers at tes: 
nt, 
| 
Western and Eastern New England | 
of 
ind answer period 
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Baltimore-W ashington 


Degradation, Melt Viscosity 


Detroit 


Lewis C. Wallace 


Holiday Party 


Crore 1} Vel Plast decreases with 
echnical Service Specialist with Do 
rporiat pre ented ! strain ind nereasing tempe iturs 

Kiper on the fundumenta temperature = he la constant o1 
Lie rel t 

reduced to minimize degradation, in 

ne proved oldings ll be obtained whe 

lation result exes ‘ 

earn to use Hiding pressures up 
nd mold filling time 
peratul mad mre 
; | down to 1 100 second. For such rapid 
fillings, evacuation of the mold w 
! ! ilter 
probably necessary, 
bu before the ticky stige 
al vith carbor The meeting was held at the Friend 
vide. by streamlining the evlinde) ship Airport Banquet Hall under the 


leadership ol Vie 


e-Ch 


airman, Clare 


Attracts 470 


Malcolm A. N 


ichols 


ted Board Me be 


Harmon, manufactur 


Strobel, 


Rober 


; Joseph J. 
terior; and 
au of Standards. 
Auditing Commit 
Strobel, Barney 
Nitzberg 
nd books 


reported 
good 
awarding 
‘st contributions by 
the Technical Con 


design, and the 
equal basis. 


l-ups, by high speed op 
rnalsopy ising iniforn low Milton. Ne vly elec 
k peratuy ire Richard 
| helpfu ers representative 
tian y unitor tock temp Department of In 
tu n removing oxygen i R. Stromberg, Bure 
ine most The Finance and 
direct Neuter hot sizes tee, composed of Joe 
ft ince elting rutes restrict and Dan 
reduction of rger shot However ection. finances a 
' elt extractor for preplast hape. They suggested the 
can lead to dramatic rat ! of prizes for the be 
lor ex imple, i ounce shot section members to 
Vhich required 90-120) seconds it ferences or the Journal. Non-technical 
tundard evilinder required only ped irticl on economics, 
resin Wil preplastic zed, like would compete on an 


& S.E. Mass. 


Lett to right 


Hugold Anderson of Hugold Anderson, Inc. 


Providence 


R. |., one of the retiring directors Edward |. Rose of Plastic Eng Co 


Powtucket, R 


| retiring president 


and Sydney Lohman 


Phoenix 


President-elect 


of Lester 


! nad guest f the Detroit Sec 
tion gratl ‘ t! hiday finer 
t the Sheraton-Cad ¢ Hotel on Fi 
aay, rib it?! th 
Chi t pirty 

Phe nanny depor ! Plastics eny 
neers escorting eir be-dazzled, be 
eweled nd b nked es to tl 
re-dinner cocktail parts nd recep 
t ere ! nt the Annet 
Dinner for Bank Presidents 

Party ! col sting of rette 
lente ind t hange vere ad 
tributed to the ! vhile the iis 


Approximately 470 hungry patron 
vere served a bountiful dinner in the 


Grand Bal 


ind enthusiastically 


ipproved the t lented floor show that 
tollowed Severa of the inspired 
fuests were mpressed with then 
dramatic nlity that they eage) 
vy clamberes the stage to assist 
rhe on the prog 
Sparkling, rigina ind muel ) 
preclated tn were 


tributed to every guest in 


Special pr ‘ given to Jack 
Hill of Celane ho traveled the fa 
thest (San Frane eo), and to Harriet 
Sel ir wi closest to the 
party. Mr. and M Tom Glowzinsk 
ere rewarded for being the most re 
cent newly-weds (5 weeks), Jerry 
“Prolifie’ Welch of Bakelite emerged 
is the dark horse in the Diaper Derby 


father of ter 


\pex Plas 


idmitting to being the 


children, and Krehta, of 


ties, took with him the prize for hat 
ne the luxurious “chin mat 
tress” since the duavs of the Smitl 


Annual Christmas Party 


‘ | | ral nad Southe tern Ma ere handled with exp 
Isett Sect nope ad to be by our Secretary 
this year. Better than half Chrones of Hassenfeld 
mets icket, Rhode Island. 
Sight of the gala event was th 
: & B Nightclub in Johnston, Rhod tic Engineering Co., Paw 
proprietors served up led the distribution of 
xcellent seven eourse steak dit vhich were generously 
quid r vide variety of firms 


Glenn A. Tanner 


Mr. Charl 
Bros. of Paw 
The retiring 
Rose of Pl 
wtucket, hand 
price 
donated by 
No on 


ittend 


Brothers 


Dancing t the 


eel 
Russ Weaver’s music gave the effet 
vescent gather ney a chance to break 
! their new shoes, and the parting 
strains of “Auf Wiedersehen” cams: 
uch too soo? to suit manv of tl 
romantic couple hose terpsichoreal 
prowess Vil re tly Pay | ed by vo 
enile reportes 
\ sincere ition feo i Cor 
endable job, we planned and wel 
executed S graciously conterred o1 
M ke Herzir the General Chairn 
by the entire Detroit: Seetion 
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.. This was followed by lively bartering 

‘ under the questionabls end 

i ership of “Haggle” Livermore. 
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Kansas City 
Effect Of Low Mold Temperatures 
On Polyethylene Injection 

Philip G. Fleming 


hly gat Mil ( 
( b pe My 
( Imig of Sy ( ( iN Cit 
w | Mao | 
Mr. | gy sil ‘ 
thvler ising \ LZ \ 
iis sp } Rew ! 
‘ Furthe rk w ! a 
ce HUM. Mi 2, 8 d 2 re 
red a weratures mo 
M Imig rk al ng 
} ny ' ste) b ‘ 
\ hed « | ! \ 
sphe 


problen 
Mr. Imig con heal nia 
sive bet woking 
most bet ( 
gs und when using hig N 
Prior to Mr. Imig k 10 gue ! nti ‘ 
nd the results of the recent board election re ad 
known to members. The men elected, tl r new offi 
for the coming year, are: Phil Fleming, President; Bob 
Thomsor Vic Presid ( Bontemp Seeretary 
John ¢ neuu, | i | Su Sect 1) 
r. Committee chan ! board a Prog 
Creorge Helfin: Edueational, Bob Thomson; Membershi 
nd Credentials, Orvil Kuhlman; House, Bill Prelog 
Publicity and Journal Reporter, Ken Kaufman, Also, the 
Profe ssion il Activities Cor tte I] be hended by La 
Chicago 
Officers Announced 
W. F. Brown 
Presid Kent roof Ger \ 
in Transportat Cory ( Vice-l 
Russ D. Hanna of Hercule Powder Company, Chicago 
lil.; Seeretary-Treasurer, Raymond E. Daniels of At 
Molded Plasties, Div. of Amos-Thompson Corp., Chicage 
| 
Als he elec nm te | 1) W 
Brown, Bakelite Company, Ker h ‘I 
1 Plastic Inc., B | | 
dt. ] | x D ( ( 


SPE JOURNAL, Februa ’ 


.... leaders 


in accurate, automatic, full- 
range temperature control 


MODEL 6007 
HIGH Temperature 
Dual Oil CIRCULATING UNIT 


he Sterlco Model 6007 was developed to answer the need of 
a temperature control unit which would assure steady, accurate 
high temperature control . . . and the Model 6007 does just 
that. This new Sterlco unit gives hair-line accuracy from 100 F 
to 500 F. or higher. its dual 12 KW heaters and circulating 
pumps can be used together or separately. 

Sterlco engineers are thoroughly acquainted with the procedures 
and problems in temperature control this valuable experi- 
ence is available to you. Write us today! 


REPRESENTATIVES IN PRINCIPAL CITIES 


INDUSTRIAL CONTROL DIVISION 


STERLING, INC. 


3732 N. HOLTON ST. ° MILWAUKEE 12, WIS. 


Export: Omni Products Corporation, 460 Fourth Ave., New York 16, N. Y. 


ABOVE ARE WATER CIRCULATING UNITS 


TEMPERATURE CONTROL UNITS 


| 
- 
wa 
ee 
} 
i 
GET SET acd GO 
3 
Mis : 
Hl 
: 


ibodkiw eviews 


a 


Proceedings of the First Joint Military- 
Industry Packaging and Materials Hand- 
ling Symposium 

Sponsored by the Department of the Navy with the 
cooperation of the Departments of the Army, Air Force 
and Commerce (Office of Technical Services, Dept. of 
Commerce, Washington, D. C. 695 pp. $6.00). 


ly ‘ te imeographed puges, thi: volume 


t information on developments of supply 


! n peace and war. Readers of our book 
engineering” will find here supplementary 
ta to our chapters on “Packaging in the Armed Forces” 
the rious phases of “Packaging in Industry.” Plas 
nygineers will be particularly interested in the pape. 
Teflon film is operating lubricants and preservative 
vy V. G. Fitzsimmons and the paper on “Recent 
dustry packaging developments” by Charles A. South 

ek, 
However, they will agree with us that many other 
pers deal with subjects closely related to the plastics 
ndustry, Several of them are profusely illustrated with 
hhotographs and diagrams. Technical men in defense work 
industry ll find these proceedings most 

ip? 


Louis ©. Barail 


The Peaceful Uses of Atomic Energy 


Robert McKinney, chairman of the ‘Panel on the 
Impact of Peaceful Uses of Atomic Energy.’’ 67 pages. 


I} sua digest of the report to congress my the n 


Th digest cover the appli 
briefly ina they ine renerution of elect cityv, med 
riculture, preservation ol Pood, ind propulsion 


There are also chapters devoted to the introduction, the 


promise of the future, the hazards and protection, the in 
pact of foreign development, and the legislative action 
The final chapter is recommendations. 


If one were to do no more than read the six pages ot 

mmendations, he would be rewarded with a bird's eye 
picture of what to look for it tomic development in. the 
mmediate vears ahead. 

This digest does an excellent job, considering its 


brevity, of pointing up the possibilities, avenues of ap 


proach, potent alogains ! connectiol With atom 
deve lopment. This short, essay style digest is well worth 
the one hour reading time required. Its intent is clear and 


ts style easy to read and follow 
Copies while available may be obtained without charge 
Prom: The Ni Mex Can, Box Fe, New Mexico 


J.C. Stansel 


ANNOUNCING THE NEW IMPCO 


MODEL HA28-600 


per 


28-32 OUNCES 


d 


SEND FOR BULLETIN P-113 


Injection Plunger Speed... 175” minute m p R O vV E D 
Adjustable to 600 tons MACHINERY 


eee ee 60 HP — 220 440V — 60C — 3 Ph NASHUA 


NEW HAMPSHIRE 
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molding cycles 
hit faster pace 


AROUND THE WORLD 


iC'ont adtrom p 


with new 
toys. 1952, these figur 
22.4%, 68.2% and 94% respe 
ne available in the United King 
don Nithoush t rtainly 
issets in flexibility and toughness 
! m1 t\ nd low now 


rigidity in thin sections, The 
ire still going strong in the doll ce 
aartment. The standard polystyren 
s losing ground to high impact typ 
ind cellulose acetate the tte 
Great Britain | l 


PLASTICS 
PHENOLIC 
October, 1956 


Abstracter: Alfred Revver 


rWO PROCESS-CONTROLLED © Saves press time. 
COMPRESSION PRESSES. 

This article describes the 25. tor © Has low bulk factor, superior electrical properties, excellent finish. 
nd PAU ton compressiol molding 
presses manufactured by Bradley and 
Turton. Ltd. Photographs nd d 


Here is the answer to a widespread need: a general-purpose phenolic 
included Ww ith IMproy ed characteristics that reduces press tim< through IM prove d 


grams are 


POLYESTER LAMINATING RES cycles and reduced reject rates 
INS—Part 1. J. Brydson and ©. W. 


Welch. Durez 18441 has been specially formulated with a very fast rate of cure 


\ two part urtictle Which eNal rhe 
formation of polyester resins, Among the many applications for which it will be found superior ar 

cross-linking and catalys Ss, and > those with molded-in Inserts it will not corrode electrical contacts 
based F an investigation progran Insulation resistance is excellent-—well above the average in materials 
Carried out with the opiect of tudy 
ng some of the lesser known aspect of general-purpose type. Its low gravity is a distinct economy factor, and 
f this branch of high pols chen you'll like its deep, lustrous finish when molded 

try. 


; laces This new phenolic ts suitable for use in compression or transter presses 
THE PROPERTIES AND TESTING 
OF PLASTICS MATERIALS—Part 
7. A. E. Lever and J. Rhys. 


This part of the article 
} 


A special granulation facilitates high-speed molding in automat 


machines. For your convenience it is stocked in 6.8.10 and 12 plasticity 


dentification and analysis of d Try Durez 18441 on one of your next jobs — you'll want morc rigrhit 
plastics materials. away ! Data sheet available on request 

SOME NEW ASPECTS OF POLY 
MER-TO-METAL BONDING. 


Norman Stuart. 
\ thre page article Covel 
progress of some of the work on thi \ Ye 
study of bonding films by interfer Phenolic Plastics that Fit the Job 
nee microscopy. page colored 


reproductions micro-photographs 
ised to help describe some of the su 


tion vitl fan HOOKER ELECTROCHEMICAL COMPANY CHEMICALS 
PLASTICS 


connec 


1102 Walick Road, North Tonawanda, N. Y 
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also has its imitations gluing 
painting or printing nd ¢ ++], 
| 
an 
| 
| 


Carbon Black... 


(Continued from page 26) 
| | 8 for O H bonds, or d a ki 


\ plot of this equation, kr versus d, produces a line 
ope similar to that in Figure 10. 
Phe ictual situatior plastic dispersior may be 
be rip te tT these twe models, With the latter model al 
pr t and the chemical bond model also present 


degree dependent on dispersion conditions 
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DEVELOPMENT 
ENGINEERS 


nmediate openings for 2 engineers in Dr 

opment Work associated with new reinforced plastic 
products, Our company has unexcelled facilities for re 
“arch and development activity. We offer full scope for 
professional development and an ideal environment for in- 
| dual growth. A Mechanical Engineer With 1-2 years 


experience preferred, but we will consider any enginee? 


ng background in a person of good technical Imagina 
tion. No previous knowledge of reinforced plastics Is re 
juired, Reply 

The Employment Manager 

A. O. Smith Corp. 


Milwaukee 1, Wis 


MANAGER—PLASTICS DEVELOPMENT 


Major company seeks polymer chemist or equivalent 
jualified by training and « xperience to organize its mat 
ket development program. Among major responsibilities 
will be the field contact work among potential users. Pret 
erence given to men 35-42 who have had approximately 
yea! 


experience, half of which will have been in the 


iboratory. Address resume in strict confidence to Box 


LOT, Society of Plasties Engineers Journal, 34 East Put 


nam Avenue, Greenwich, Connecticut 


Stability of Nylon... 
(Continued from page 16) 

1. In all cases (except 0% R. H.) approximately 36 
weeks were required for the nylon to reach equilib 
run 

2. The change was very slow and smooth at 20° and 
50° R.H. and did not exceed .002 inches per inch. 

3. At 79%, 95°7, and 100% R. H. approximately the 
first half of the change takes place rapidly in four 
to eight weeks, with the remainder occurring grad 
ially over the remaining 28 to 32 weeks. 

4. The 


moisture is removed from the parts 


dimensional ehange is reversible when the 


When environmental conditions are known for a pat 
ticular part, the information in the curves can be a very 
useful guide in the design of the part and its assembly. 
Since we never know (except in special applications) 
whether our machines will be used in the driest climates 
of the desert or in the wettest parts of the tropics, we 


must consider the full range of relative humidities fron 


In applications where the expansion and contractior 


al nylor part cannot he tolerated, we are sometimes 


Sizty fow 


ible to control dimensions by the use of metal insert 
Thus we have only thin sections of nylon to expand o1 
contract and only minor dimensional changes to contend 
vith. In conclusion, we might sum up our observations 
follows: 
1. Nylon (general purpose 6.6 type) gears can be 
used successfully at pressures up to 130 pounds pet 
inch of tooth width. 


Nylon appears to wear equally well against eithe: 
nylon or steel. It should never be operated against 
aluminum. 

3. The surface on au steel part which operates against 
nylon should have a finish of 30° micro-inches o 
better and be free from burrs 

4. Nylon shows a very small amount of dimensiona 
changes (maximum of .002 inches per inch) up t 
50% relative humidity. At 50% it starts a rapid 
nerease until at 95° a maximum of .020 inches 
per inch dimensional change occurs. 

». For the parts tested, almost 36 weeks are required 
to reach equilibrium and maximum = dimensional 
change. 

6. The dimensional change is reversible on loss of 
moisture. 

7. Functional nylon parts should be thoroughly stud 
ied for environmental conditions, type and _ finist 
of mating parts, and dimensional tolerances re 
quired for them to function properly. This wil 

help to avoid misapplications and later field troubl 
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10 or 20% to 95% 


CORROSIONEERING with LAMINAC® 
(Polyester Resins) 


Reinforced Laminac 
needs no maintenance 
in over three years of 
highly corrosive service 


Here's dramatic evidence of the durability of elass- 
reinforced LAMINAC polyester resin in highly corro- 


sive sery e! 


In venting systems for alum evaporators and digesters 
at Cyanamid’s Warners, N. J.. plant, carbon steel 
breeches and stacks required frequent maintenance, 


failed after two or three vears of service. 


Breeches and stacks molded of reinforced Lamina 
resin by Carl N. Beetle Plastics Corporation were in- 
stalled as replacements. In the 84 stack installation, 
pictured at right, reinforced Laminac has served for 
more than three years without maintenance! 


And long service life is only one advantage. Two 6 


stacks, supplied in six sections, were installed with 
telescope-type joints, wrapped and cemented at the 
site. Another 82’ stack, supplied in two sections, was 
installed with flange-type joints. Lighter by far than 
steel, the reinforced LAMINAC stacks were much easier 


to install, and cost considerably less in the long run. 


If your problem is handling corrosive fluids or 
fumes, glass-reinforced Laminac can help you reduce 
maintenance, extend service life and reduce costs. 
Consult your Cyanamid representative on the “what- 
to-use” and” how-to-use-it” of LAMINAC polyester resins, 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 
32D Rockefeller Plaza, New York 20, N.Y 


In Canada: North American Cyanamid Limited, Toronto and 
Montreal 
Offices in: Boston - Charlotte - Chicogo - Cincinnati - Cleveland 
Dallas: Detroit - Los Angeles: New York Oakland Philadelphia 
St. Louis - Seattle 
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HERCOCKL FOR VACLUM FORMING 


Vacuum-formed packages made with extrusion grade 


Hereocel combine durability and ease of production 
with all the recognized advantages of transparent con- 
tainers. Hereocel offers excellent transparency ina full 
range of colors, good formability for intricate shaping 


jobs. plus, of course, the famed toughness and strength 
ot acetate, 

hevtruder: Vidwest Plastics Products Co.. Chis wo, Lil. 
bacuum-formed and manufactured by J. B. Carroll Co., 
Chicago, lll., for Atlantic Fish and Oyster Co, 


industrial stapler has to be tough and sturdy 


to withstand hard dav-after-day use. Hercoce! 


VIVES 


transparent toughness in molded pride kaging 
it\ Hers on el. 
Volded with Hercocel for Swingline. Inc... Lone 


( 


poral 


TRANSPARENT TOULGIINESS 
IN MOLDED PACKAGES 


The cartridge housing for the new Swingline 


the 


quality packaging 
at lower cost 
with 


Hi-ftax. anew eth lene polymer, provides a versatile new 


plastic for all types of packaging with important prop- 
erties never betore combined in any low-cost material: 


¢ Greater tear strength 
¢ Greater resistance to stress cracking 
¢ Lower moisture vapor transmission 


Selective gas permeability—foods stay fresh 
far longer. 

Hi-fax also offers resistance to a wider variety of chem- 
icals and temperatures than any other low-cost material, 
It can be medically sterilized. and is acceptable for 
‘rect contact with food product 


Det Hi-fax solve vour packaging prot now! 


Regular quantities for limited production runs 
are now available. 


rugged strength it needs. kor 


\ew York, by Laurel Plastics Cor 
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